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ABSTRACT
This dissertation studies how small farmers of two ethnic groups manage the 
soil resource in a portion of Highland Guatemala that is considered marginal for crop 
production due to steep slopes. In the past, various groups concerned about 
environmental degradation tended to blame peasant farmers such as these for 
degrading the land resource through "primitive and backward" agricultural practices 
and a general lack of knowledge of the consequences of their actions. Yet attempts to 
convince small farmers to adopt new techniques have often failed due in part to an 
inadequate knowledge of local conditions and to a failure to recognize local farmers' 
knowledge of the local environment
This study investigates the environmental and socioeconomic factors that may 
affect local farmers' decisions concerning the management and conservation of soil 
resources for mize production in the Guatemalan Highlands. To accomplish this, I 
designed a three-part study that combined ethnographic and physical research 
methodologies with a six village survey that contained questions pertaining to 
demography, crops produced, agricultural practices and soil management
What I found is that local farmers have a sophisticated knowledge of local soils 
and their potentials for crop production. This includes the use of "hot" and "cold" 
designations to decribe various soils' ability to produce crops. This indicates that 
local conceptions of soils reflect edaphic and ecologic considerations, rather than 
pedological ones. They are also aware of soil loss in their fields, and the effect that it 
can have on crop production. Most are also aware of various conservation systems 
that are available to them. However, farmers' knowledge of these systems and their 
effectiveness at slowing soil losses does not always translate into the systems' 
adoption. Farmers' reluctance to use terraces, grass strips and infiltration ditches
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
stems from awareness of the high labor inputs involved, or from observations of 
negative effects that they can have on crop production.
What emerges is a greater appreciation for the sophistication of local farmers' 
knowledge concerning local soils and their management. The study also points to 
various social and environmental factors that can affect farmers' management of the 
soil resource.
xv
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CHAPTER ONE 
INTRODUCTION AND THEORETICAL FRAMEWORK
1.1 Introduction
Land degradation remains an important problem faced by food producers in the 
developing world, particularly in mountainous regions. High erosion rates can lead 
to field abandonment under certain circumstances. Politicians, development planners, 
and conservation specialists attempting to address this problem have met with varying 
degrees of success. The failure of many programs geared toward instilling 
conservation-mindedness in the rural poor can appear to reinforce widely held views 
that small farmers in traditional societies are backward, conservative people. Thus 
these farmers receive much of the blame for degrading the land resource on which 
they depend for their subsistence (Zimmerer 1993b).
Guatemala's volcanic highlands are no exception to this situation. They are 
characterized by highland basins underlain by thick deposits of volcanic sediments. 
Tertiary and Quaternary volcanoes, some of which are still active, dot the landscape. 
Streams draining towards the Caribbean and Pacific coasts have eroded deep, steep­
sided gorges known as barrancos. While basin surfaces may vary from level to 
rolling, basin edges are broken, and steep slopes are common. A combination of 
political factors and unprecedented population growth rates has resulted in a situation 
where increasing numbers of farmers clear plots on hill slopes and barranco walls to 
plant crops. Past authors writing from a development perspective (International Bank 
for Reconstruction and Development 1951; Fletcher et al. 1970) have deplored this 
situation, and what they call "primitive” techniques; techniques that they claim result 
in low, and possibly declining, yields.
Geographers studying farming systems in the region have developed a different 
perspective, one that indicates sophisticated indigenous knowledge of local 
environments (Donkin 1979; Mathewson 1984; Wilken 1987). Their findings are in
1
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part based on years spent observing and documenting local traditions of slope and 
field-surface management systems. Systems observed by these geographers include 
raised irrigated fields on river deltas, as well as "ridged terraces" and bench terraces 
on surrounding hill slopes.
Inspired by work of this type, some development technicians have advocated 
the use of traditional technologies to help improve agricultural production, and as 
possible solutions to modem problems stemming from high erosion rates (Wilken 
1987; Treacy 1989). Attempts to transfer traditional technologies into new settings, 
however, have often met with little better success than earlier ones that aimed to 
transfer technologies that were developed in industrialized nations, or on experimental 
plots, to underdeveloped regions. Research has shown that such failures occur 
because project planners and technicians did not account for differences between the 
local environmental, cultural, and/or economic conditions within which the systems 
were developed and those for the new setting (Chapin 1988; Treacy 1989).
Moreover, such problems occur whether the transfer is temporal, as in attempts to 
revive ancient Peruvian terrace systems in situ (Treacy 1989), or spatial, as in the 
attempt to transfer chinampa technology from the Basin of Mexico to the coastal 
lowlands of Veracruz and Tabasco (Chapin 1988). Such research often shows that 
obstacles to the projects' success resulted from program planners' failure to account 
for such issues as land tenure, land access, local traditions and lifeways, and access 
to local and regional markets. Efforts to promote conservation in Guatemala have 
experienced similar setbacks (Bergeron and Sandoval 1991).
1.2 Problem Statement
These experiences suggest that we need more research into why small farmers 
living in marginal environments choose, or do not choose, to adopt particular 
technologies. This study represents an attempt to examine both the physical and
2
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human aspects of the environmental, cultural, and socio-economic opportunities and 
constraints small fanners face while trying to manage a living in Guatemala's volcanic 
highlands. Herein, I will explore how local factors, both human and physical, that 
contribute to land degradation in the form of accelerated soil erosion. I will present 
and discuss farmers' opinions and comments concerning outsider-promoted 
conservation systems. I will also investigate local traditions and innovations that 
might serve to mitigate land degradation through accelerated soil loss, and that may 
also serve as culturally and locally appropriate alternatives to conservation 
technologies promoted by national and international agencies. A secondary objective 
of this study is to address a relative paucity of local-scale studies comparing land 
management strategies of both indigenous and non-indigenous farmers.1 The 
dissertation-related fieldwork took place within the two municipios2 of Comalapa and 
Zaragoza, in the Guatemalan department of Chimaltenango (Figure 1.1).
Kaqchikels3 are the dominant ethnic group in Comalapa. The majority of Zaragoza's 
population is ladino.4 Most rural inhabitants of both Comalapa and Zaragoza farm 
plots ranging in size from one-third hectare to two hectares. The selection of this 
location for fieldwork thus allowed me to avoid the ecological fallacy caused by 
comparing indigenous small holders with larger ladino estates.
1 Since the terms indigenous and non-indigenous are currently controversial, especially in 
Guatemala, I will use the term "indigenous" in the sense that the cultural ancestors of Kaqchikels 
and other aboriginal groups in Guatemala were living there at the time of the Spaniards' arrival in 
the New World.
2 The Latin American equivalent of a county or parish.
3 Throughout this text, I will be using the phonetic spellings of the various highland group names 
now favored by linguists and Mayan intellectuals. For example: Kaqchikel replaces Cakchiquel 
(or Cakchikel); K'iche' replaces Quiche; Tz'utujil replaces Tzutuhil, etc.
4 The term ladino is a Central American term for mestizo. In earlier Guatemalan censuses, this 
term was used to refer to all non-Maya groups (Adams 1956). The term is currently a 
controversial one among non-Mayan Guatemalans, due to earlier negative connotations associated 
with the term ladino (McCreery 1994). 1 originally intended to replace the term ladino with the 
less-inflammatory term "non-Mayan Hispanic”. However, given that the latter term is rather 
bulky, and that I will need to use the term "ladino" in several sections of the paper, I decided to 
keep using ladino when referring to non-Mayans, to avoid confusing the reader.
3
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Figure 1.1: Comalapa and Zaragoza municipios.
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1.3 Research Questions
1.3.1 Primary Research Questions
1. Do local fanners recognize accelerated soil erosion and any effects it may have 
on agricultural production?
2. Does farmer recognition of soil erosion and its effects result in actions designed 
to mitigate accelerated soil loss?
3. What techniques do farmers most commonly use to combat accelerated erosion 
in their fields?
4. How do these techniques fit into local environmental, socioeconomic, and 
cultural contexts?
5. What effects do local farming practices have upon the local soil environment?
1 .3 .2  Secondary Research Questions
1. How do socioeconomic factors such as land tenure, labor migration, and market 
access affect farmers' actions concerning soil erosion and soil fertility 
maintenance?
2. How have the efforts of agricultural extension agents and development 
workers affected local farming systems and their impact on the environment?
3. Does ethnicity play a role in farmer perceptions of soil erosion and its effects, 
efforts at soil conservation, or soil fertility maintenance practices?
1.4 Site Selection:
After reconnaissance trips into the volcanic highlands during 1993-94,1 
selected the municipios of Zaragoza and Comalapa as the fieldwork locations. I 
based this selection on several criteria.
First, I wanted a location where farmers from two different ethnic groups, 
indigenous and ladinos (mestizos), farm small plots in close proximity to one another 
and use traditional implements and farming technologies to cultivate their crops. It 
was also important that most representatives from both groups have been farming in 
the area for many generations.
Second, the area should be in rugged terrain with farm plots occurring on a 
variety of slope gradients. The presence of forested terrain in proximity to farm plots 
also played an important role in site selection.
Third, travel between communities needed to be possible at all times of the year. 
This was an important consideration, especially for the erosion plot comparison,
5
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which required that I be able to check all erosion (dots immediately after a significant 
rainfall event Heavy rains render many portions of Highland Guatemala impassable 
during the rainy season.
The first reconnaissance trip indicated that the municipio of Zaragoza was a 
logical choice for the field research. Zaragoza is a predominantly rural municipio.
The majority of the population are ladinos of Spanish, Indian or mixed Spanish- 
Indian descent (Direccidn General de Estadfstica 1975,1997).
For the second municipio, I considered the municipio of Patzdn, which is 
predominantly Kaqchikel. After I had visited both Patzun and Zaragoza, and 
consulted topographic maps, it became clear that conducting the fieldwork in both 
municipios was not logistically possible. The more topographically complex terrain 
farmed in Patzun is in the southwest portion of the municipio, whereas the populated 
hill lands of Zaragoza are located is in the municipio's northern section. Travel 
distance between study sites would have been over 30 kilometers.
After consulting topographic maps and library sources, I returned to Guatemala 
during the summer of 1994 to investigate the possibility of conducting the fieldwork 
in several small communities on either side of the border between Comalapa and 
Zaragoza. After several reconnaissance trips taken with local agricultural agents and 
promoters in the area, I decided to conduct the research in several rural communities 
within Comalapa.
Once established in the town of Comalapa, the cabecera (municipal seat), I 
visited several villages in the two municipios during the first three months of 
fieldwork. I visited Aldea Simajuleu, Aldea Xiqufn Sanahi, Caserfo Pamumus, Aldea 
Paquixfc, Caserfo Panicuy, Caserfo Chirinjuyii, and Caserfo Pachitur in Comalapa 
(Figure 1.2). I also visited Aldea Mancherdn Grande, Caserfo Los Chilares, Aldea 
Las Lomas, and Aldea Las Colmenas in Zaragoza (Figure 1.3). While I conducted
6
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participant observation and several semi-structured interviews in most of these 
communities, I worked mainly in Pamumus, Paquixfc, Pachitur, Chirinjuyu, Los 
Chilares, Las Lomas, and Las Colmenas, since travel to the other villages proved too 
difficult to visit them on more than an occasional basis.
1.5 Field Methodologies
1.5.1 Participant Observation
I spent the first several weeks in the area re-establishing contacts with the 
alcaldes of Comalapa and Zaragoza. This included soliciting letters of introduction to 
present to local dignitaries in the various villages and hamlets that I intended to visit 
during the upcoming months. I also took this time to visit rural schools in each of 
these locations, in order to introduce myself to local teachers and schoolchildren. I 
did this for several reasons. First, to avoid any accusations I had come to steal 
children, since such rumors have resulted in violent attacks on foreigners over the 
past 30 years or more. Second, and more importantly, this provided the best 
opportunity to introduce myself and my research to locals, and to establish contacts 
with potential key informants, since most villagers have contact with teachers through 
sending their children to school. In this way, I was able to find at least one local who 
would be willing to take me around the villages. During this time, 1 also asked 
questions concerning soil erosion, soil management, and local agricultural practices.
I also took photos and wrote down personal observations concerning local farming 
practices, the local landscape, and any discernible signs of accelerated erosion in the 
landscape.
1.5.2  Semi-Structured Interviews
Near the end of the 1996 rainy season, I began using the information gathered 
during the first several months to develop a general question format concerning such 
topics as crops grown, land tenure, soil management, local knowledge of soil
9
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resources, local farming traditions, and local fanners' experiences with national and 
international agricultural development institutions. I then used this semi-structured 
format to elicit information from a group of local farmers within several communities 
in each of the municipios, including the six in which I administered the 
socioeconomic survey. All the interviewees gave permission to have their interviews 
recorded when I asked. I interspersed these interviews with other portions of the 
fieldwork, including the solicitation of the folk soil taxonomies and the preparation of 
the socioeconomic survey. I conducted a total of 36 two to three hour interviews with 
30 farmers over the nine-month period between September 1996 and June 1997
a
(Appendix A.l).
1 .5 .3  Folk Soil Taxonomy
To elicit farmers' knowledge of local soil resources, I conducted a series of 
excursions with several local farmers to initiate a taxonomy of soil types based on 
local criteria. I described several soil profiles using guidelines based on the 1992 
USDA Keys to Soil Taxonomy (Soil Survey Staff 1992). Where possible, we 
visited road cuts, where we could view and discuss various soil features within an 
entire profile. Once I found a suitable site, I would use a shovel or machete to clean 
the profile back several feet to obtain a fresh soil cut I then used a knife or machete 
to delineate what 1 perceived to be natural horizon breaks, based on color, texture, 
and/or structure. After this was accomplished, I would ask my assistant to give local 
names and uses for each soil horizon that I had delineated in this manner. I duly 
noted any pertinent information, including the farmer's comments concerning soil 
color, texture, local naming conventions, local uses for that particular soil or sediment 
type, and his opinion of whether a particular soil type was "hot" or "cold".
In all, I solicited folk soil taxonomies in this manner from a total of 13 farmers 
(see Appendix A.2): three farmers in Caserfo Pamumus (Comalapa), four farmers in
10
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Aldea Paquixfc (Comalapa), one fanner in Caserfo Pachitur (Comalapa), and two 
fanners in Aldea Las Colmenas (Zaragoza). Three farmers also helped me with local 
folk taxonomies for Caserfo Chirinjuyu (Comalapa), Caserfo Los Chilares (Zaragoza) 
and Aldea Las Lomas (Zaragoza). Additional information pertinent to soils and their 
management that I had acquired during the semi-formal interviews supplemented the 
information that I obtained during the field excursions.
Once I returned from the field, I plotted folk soil types against my own field 
descriptions of color, texture, and structure. I also compared folk descriptions of 
relative fertility and "hot" and "cold” categories of various folk soil types against 
general agronomic principles concerning the relationship between soil texture, organic 
matter content, and soil fertility.
1.5.4 Village Survey
I administered a survey questionnaire (Appendix B) during June and July of 
1997, near the end of the fieldwork. The questionnaire contained such basic 
demographic questions as age, level of education, family structure, and primary 
sources of income. It also provided questions relating to ethnicity, land tenure, 
agricultural practices, including questions on perceptions and practices related to soil 
erosion, soil conservation, and soil fertility management
1.5.4.1 Survey Design
Linda Asturias de Barrios of La Universidad del Valle in Guatemala City 
advised me on the design of the survey. I used a survey that she administered in the 
town of Comalapa for her own dissertation on weaving and painting traditions as a 
model (Asturias de Barrios 1994). A Comalapa schoolteacher who has training and 
experience in the development and administration of surveys, and who has also had 
extensive experience interacting with farmers and the parents of schoolchildren from 
several of the villages where the survey took place, helped to edit various drafts of the
11
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questionnaire. Wherever possible, I included a numbered list of possible answers in 
the questionnaire form. Most of these questions were based on information 
obtained during the semi-structured interviews. In case survey respondents gave 
replies that I had not anticipated, I included another category labeled "other". This 
helped to reduce the amount of time that the surveyors would need to spend filling 
out the questionnaires, since farmers' answers usually fell within several broad 
categories. It also reduced the time that I would later have to spend coding farmers' 
answers to enter them into a spreadsheet program.
1.5.4.2 Testing the Questionnaire
Once I had created a reliable draft of the survey form, I tested the questionnaire 
with several acquaintances and interviewees who lived in the target villages. I 
corrected any portion of the survey questionnaire that proved problematic due to poor 
communication or topic sensitivity. I duly noted all suggestions and areas of 
difficulty, and used them in the final questionnaire design.
I then asked my teacher friend to help select several local individuals to aid in 
the administration of the survey questionnaire. Due to the aftermath of nearly 40 
years of political violence, many villagers are still suspicious of outsiders, including 
both non-Guatemalans and educated Guatemalans from outside their local area. 
Therefore, we decided that teachers would be the best surveyors. Originally, five 
local teachers participated in the administration of the survey. Four came from the 
municipal seat of Comalapa and one from Aldea Paquixfc. All survey administrators 
are bilingual Spanish/Kaqchikel speakers, and were able to administer the 
questionnaire to individuals who were not fluent Spanish speakers. All the surveyors 
taught in rural villages in Comalapa or Zaragoza. The Paquixfc teacher had had no 
prior survey participation experience, and therefore decided to drop out early during 
the process.
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I then set up a series of mini-workshops, in which I explained the survey format 
to the potential survey administrators. I made additional modifications to the 
questionnaire based upon input from the prospective survey administrators. English 
and Spanish versions of the final survey form appear in Appendix B.
Once the survey form was completed, we administered the survey orally to 
heads-of-household in a total of six communities. According to the 1994 Guatemalan 
Census (Direction General de Estadfstica 1997), three were predominantly Kaqchikel 
communities, and three were predominandy ladino communities. Local key 
informants verified the Census figures. I selected house sites to visit by obtaining 
published census maps that showed locations of house sites and important landmarks 
for each community.
Although I had originally planned to make a stratified random selection based on 
several factors, including slope gradient, I decided against it due to time 
considerations. Since many farmers' fields were located some distance from their 
houses, a stratified random sample would have been nearly impossible, without 
visiting all the farmers' fields. This would have greatly extended the time required to 
conduct the survey. I therefore selected samples randomly by numbering all house 
sites on the map, then using a random generator published in Bernard to select a 
subset of all houses in a particular community (1994). Once in the field, if a house 
located on the map no longer existed, or was unoccupied, I would again use the 
random generator to assist in selecting a replacement site for visitation. I used the 
same methods whenever a selected household refused to participate in the survey, 
which occurred on only a few occasions. As a result of this modification in the 
sampling procedure, the samples may not be truly representative of the target 
populations as a whole. However, they should still be useful for pointing out 
potential trends.
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We administered a total of 75 questionnaires in the predominantly ladino 
communities, and a total of 71 questionnaires in the predominantly Kaqchikel 
communities, for a total of 147 questionnaires administered in the six communities.5
I aimed for 50% samples in the smaller communities, and 25% samples in the 
larger ones (Table 1.1). After returning from the field, I prepared a code sheet, then 
entered farmers' answers into SPSS and Excel spreadsheets for later analysis. The 
results of these analyses appear throughout the document, and in Appendix C.
Table 1.1: Number of households sampled in each of six villages during the 
socioeconomic survey.
Number of Households Proportion
Comalapa: Total: Visited: Sampled:
Chirinjuyti 24 12 50%
Pachitur 33 16 48%
Pamumus 21 89 24%
Paquixfc 139 33 24%
ZaraynTa:
Las Colmenas 33 13 36%
Las Lomas/Los Chilares 199 50 25%
1.5.4.3 Analysis
Most of the survey questions, apart from those concerning general demographic 
variables, are nominal in nature. This limited the types of analysis that could be 
performed. The small sample size for several of the surveyed populations (Table 1.1) 
further limits the types of analysis that could be performed. Considering these 
limitations during analysis, I decided to use the actual responses, which were based 
on the most common responses given during the semi-structured interviews. Thus, 
instead of performing complex statistical iterations for minimal returns, I present 
response frequencies in Chapters Five and Six. Whenever appropriate, I have also
5 Three of the completed questionnaires were lost during the transit to the United States, so 
statistical analyses reflect a total of only 144 completed questionnaires.
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included the chi-square scores, which appear in Appendix C. Throughout the text, I 
will present interviewees' comments, and support then them with survey results. 
Conversely, where it is more appropriate, I have presented frequencies of survey 
responses, and then further explain these by presenting interviewees' comments on 
the same topic.
1.6 Theoretical Framework
1.6 .1  Recognition o f Soil Erosion and Its Potential Effects
Research on land degradation and its larger environmental consequences 
received its first real impetus with the publication of George Perkins Marsh' Man and 
Mature in 1864 (Marsh 1965). However, the potentially catastrophic effects of 
accelerated erosion did not receive widespread attention until the 1930s, when a series 
of droughts in the American Southwest turned that region into what is now called the 
"Dust Bowl". After a series of particularly extensive dust storms actually caused 
noon day skies to darken as far east as the nation's capital, and beyond,6 the United 
States Congress authorized the establishment of a division in the United States 
Department of Agriculture that would be devoted to the study of soil erosion's effects, 
and to developing conservation techniques for combating soil loss (Eckholm 1976). 
The Dust Bowl alerted agricultural researchers to more than the effects of wind-driven 
soil losses in the drought-stricken Southwest Studies instigated by the new 
emphasis on the forces of land degradation soon showed that water-induced erosion 
losses were also taking their toll, especially in many Southeastern states (Happ et al. 
1940; Trimble 1985). These events also alerted the governments of other nation­
states to the potential effects of accelerated soil loss, associated with human activities, 
especially those that were associated with agriculture and livestock raising (Jacks and 
Whyte 1939).
6 Eckholm (1976: 46) notes that ships 300 miles out into the Atlantic Ocean "found themselves 
showered with Great Plains dust".
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The efforts of Hugh Bennett's newly established Soil Conservation Service led 
to the development of a series of experiment stations whose primary purpose was to 
study the effects of soil erosion under various cropping conditions in several climatic 
regions of the United States (Trimble 1985). These stations were also charged with 
finding means of stemming soil losses that had so far led to the degradation of nearly 
80 million hectares of land, and to the eventual abandonment of over 20 million 
hectares of land (Kellogg 1941; Eckholm 1976). After thousands of man-hours of 
applied research on these experiment stations, the Soil Conservation Service set about 
"righting what had been wrong" (Trimble 1985:167) by introducing longer rotations, 
hill contouring, contour strip cropping, improved terracing, stubble mulching, and 
cover crops (Eckholm 1976). These efforts were at least partly successful. When 
drought returned to the Great Plains in the 1950s and 1970s, for example, improved 
farming practices prevented another catastrophe from occurring. However, the 
damage was great enough to instigate a series of evaluations. The authors of these 
studies eventually concluded that the problem was far from solved, and one report 
even indicated that the problem of soil loss was worse in the 1970s than it was in the 
1930s (Eckholm 1976; Blaikie 1985).
1.6.2 Perspectives Based on Colonialist and USD A Models
Despite the mixed success of these efforts, the United States' approach has 
provided the model on which many of the methodological, legal, technical and 
institutional aspects of conservation policies that were later established in other 
countries have been based (Blaikie 1985). As in the United States, success in these 
countries, especially those that are in developing regions, has been sporadic (Blaikie 
1985; Bergeron and Sandoval 1991). The reasons for the failure of such projects are 
varied, but can often be traced to a misunderstanding of the nature of the problem to 
be addressed, as well as of local environmental and socioeconomic conditions.
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First, there is the question of transferring technologies developed in 
industrialized nations for temperate environments to developing nations, many of 
which have very different environments (Blaikie 1985; Richards 1985; Blaikie and 
Brookfield 1987). Blaikie (1985), for example, lists a series of studies conducted in 
Africa by Cliffe (1964), Berry and Townshend (1973), Pickering (1979), and 
Stocking (1981) in which government conservation techniques that did not fit within 
local agricultural and pastoral systems were not adopted by local farmers. Berry and 
Townshend's (1973) study provided examples in which local conservation techniques 
were neglected or even discouraged, while government-derived techniques were 
promoted. As a result, the government program's success was spotty. Those 
techniques already practiced by farmers were accepted by the locals, as were those 
that were similar to the local systems. However, systems with which the farmers 
were not familiar did not fare as well, mainly due to practical agronomic decisions on 
the part of the farmers. For example, contour bunds in one region promoted rat 
infestations, while wide grass strips and contour hedges often used up too much land. 
Pickering (1979) found that farmers vigorously pruned back trees planted as part of a 
conservation initiative in Java. He also found that, while bench terraces were 
effective, small farmers could not sustain the temporary losses in production caused 
by terrace construction.
Second, much extension work in developing regions is woefully underfunded, 
which leads to situations wherein a few extension agents are expected to serve entire 
sub-regions of a particular country or region, with a minimal amount of funds to 
cover their overhead costs (Fletcher et al. 1970; Bergeron and Sandoval 1991; Moock 
and Rhoades 1992). In Guatemala in the 1960s, for example, the National 
Agricultural Extension Service had 39 offices, each headed by a Pgrito Agrbnomo.7
7 A Pgrito Agrbnomo is an agricultural technician who has high school level vocational training in 
agriculture and some additional training in extension work.
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These extension agents covered a total area that included some 139,000 rural families, 
with a total budget in 1969 of $229,175, which comes to about $1.64 per family. On 
the whole, the extensionists actually worked with less than 20% of those families 
(Fletcher et al. 1970: 130). When the authors calculated these figures across the 
whole of Guatemala, they found that the service provided one technician for every 
7,500 families, with a total of $0.50 worth of assistance for each family. By the 
1980s, the picture did not appear to have improved very much.
Bergeron and Sandoval (1991) studied the effects of a series of programs 
entitled "Pagos Sociales”, which were instigated by the USAID loan pact AID-520-T- 
026 in 1983. The Pagos Sociales were designed to augment efforts to promote 
conservation works in the Guatemalan Highlands, which were initiated as a sub­
component of the Proyecto de Desarrollo Agrfcola del Altiplano HAD-1 (Highland 
Agricultural Development Project) that was backed by Guatemala's Agricultural 
Ministry through the Direcci6n General de Servicios Agrfcolas (DIGESA) and 
USAID. The project's activities were to be concentrated in areas where systems of 
micro-irrigation were also being initiated, and in tributary watersheds. The project's 
stated goal was the preservation of long-term agricultural productivity. The 
conservation techniques being promoted included bench terraces, contour ridges 
(surcos), gully dikes, contour grass strips, and contour bunds. According to the 
study's authors (Bergeron and Sandoval 1991), the project's goal of ensuring long­
term implementation of these conservation techniques was being hampered in part by 
the fact that the extensionists often did not have adequate resources to accomplish 
their assigned tasks. Agents complained about having to pay for the gasoline required 
to visit far-flung farmsteads on motorcycles. In addition, many extensionists found 
that they were spending most of their time administering payments, rather than 
conducting actual extension work, which was their primary charge within the project
18
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Third, this "conventional” top-down approach to agricultural extension has been 
criticized as being insensitive to local socio-economic, cultural, and political realities 
(Blaikie 1985; Blaikie and Brookfield 1987; Crittenden and Lea 1990; Zimmerer 
1993a). Blaikie (1985) mentions that the classic or colonial approach to erosion and 
conservation works horn a perspective that the problem of land degradation is 
primarily environmental, and that the solutions to the problem are also environmental. 
Many institutions that subscribe to this viewpoint therefore tend to overlook the social 
factors that influence people to manage the land in ways that can often lead to serious 
soil losses. Thus, governments may find themselves in the position of protecting 
the environment from the very people who depend most on it for their survival, 
often through forceful means (Blaikie 1985). These policies have tended to prefer 
conservation techniques such as terraces, reforestation projects, or exclusion from 
the areas in question. Another policy similar to the exclusionary approach is that of 
the colonization schemes on the Pacific Coastal Plains and the Fetdn that were 
promoted by the Guatemalan government during the 1950s, 1960s, and 1970s. The 
government promoted these schemes in part to lessen pressures on marginal lands in 
the Guatemalan Highlands.8
Fourth, this approach towards agricultural extension in developing regions has 
not been sensitive to local environments (Blaikie 1985; Crittenden and Lea 1990; 
Zimmerer 1993a). Blaikie (1985) and others (Bunyard 1980; Pickering 1979; 
Coulson 1981) have argued that many conservation schemes have not done much to 
decrease soil erosion in developing areas, and may actually have done much to 
exacerbate the problem. Some of the problems that were cited by Bunyard include 
the collapse of terraces, breached bunds, and undersized storm channels. Pickering
8 This was an official reason for policies that were initiated in an anempt to diminish mounting 
pressures to redistribute lands accumulated by large landholders during the Liberal Reforms of the 
late 19th and early 20th centuries. See Chapter Three: The Human Environment
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(1979) also found that ridges that have been planted to trees require constant 
maintenance to prevent rainwater that has ponded in the furrows from breaching the 
ridges. However, fanners were often unwilling to maintain them, and many had 
removed the trees to plant cassava. Since cassava is a root crop, this tends to leave 
the ridges vulnerable to rain splash erosion upon harvesting. Ridge breaches actually 
caused more serious gully erosion than would have occurred if the ridges had never 
been constructed in the first place. Coulson (1981) mentions that terraces built under 
legal pressures from the colonial government in Tanzania in the 1950s and 1960s 
were completely sterile.9 Furthermore hill rice yields tended to be higher on 
unterraced lands than on terraced lands.
Fifth, and perhaps most important, most institutional views of resource-poor 
small farmers in developing regions were that their knowledge was "inefficient, 
inferior, and an obstacle to development" (Agrawal 1995:413). Colonial and 
governmental officials in Africa, for instance, often perceived the peasants to be 
"stubborn, lazy, ignorant, conservative, and uncooperative" (Coulson 1981: 58). 
Zimmerer (1993a) mentions that, as recently as the 1970s and 1980s, the same held 
true for development institutions' views toward the causes of erosion in the highland 
regions of Bolivia.
In Guatemala, studies that were funded by USAID (Fletcher et al. 1970:71) 
and the International Bank for Reconstruction and Development (I.B.R.D. 1978: 13) 
have also criticized what they called "primitive technologies" and "still low-yield 
backward agriculture." These authors refer to small-scale highland production 
systems in general as being "inefficient," and having "resulted in severe deforestation 
and erosion."
9 This was probably due to a poor construction design that left infertile subsoil horizons at the 
terrace surface, while the more fertile topsoil is buried. 1 discuss this problem in greater detail in 
Chapter Six.
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1.6 .3  Geographic Perspectives
1.6.3.1 Environmental Determinism
Geographers have long studied "human adjustments to the environment" 
(Barrows 1923: 3). Early researchers studying relationships between humans and 
their environment, such as Ellsworth Huntington, tended to portray the history of 
human development as being largely determined by the environment, hence it earned 
the moniker "environmental determinism". Huntington proposed the concept of 
human ecology, originally coined by the University of Chicago geographer J.P. 
Goode, as the core concept in human geography (Zimmerer 1996). However, many 
of the assumptions made by the environmental determinists reflected the colonial 
attitudes of the times. As a result, the environmental determinists' notions of human 
development often reflected then-common views held by most Westerners of non- 
European societies, one of which was that they were "primitive" and "lazy". 
Environmental determinists such as Huntington and Semple maintained that 
environmental factors were largely responsible for different levels and varieties of 
cultural development (Huntington 1907; Semple 1911).
1.6.3.2 Human Ecology and the Chicago School of Nat11™1 Hazards Research 
Shortly after environmental determinism lost its preeminent position within
geography, another school of thought that was primarily concerned with 
environmental calamities and their impact on humans and socioeconomic systems 
grew out of the work of Harlan Barrows and his students at Chicago's Department of 
Geography. The Chicago geographers were particularly devoted to studying the 
effects of river flooding and the planning of flood control. It was the later work of 
White and his students (Burton et al. 1968,1978), however, that resulted in the 
natural hazards research perspective for which the Chicago school of geography later 
became known (Zimmerer 1996). White's students Burton and Kates approached
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natural hazards research from what they termed a human ecology perspective. It was 
a perspective that emphasized the concept of man as the organism adapting to the 
environment in the form of "extreme geophysical events" (Zimmerer 1996). Until 
until the mid-1960s, those who studied natural hazards through a human ecological 
lens focused mainly on advising governments in the United States and Canada about 
limiting death tolls, property damages, and revenue losses that were caused by 
flooding. This so-called natural hazards approach was then extended to a broader 
purview, one that led to advising governments in developing countries and 
international organizations (Zimmerer 1996). However, the approach use abroad was 
still decidedly weighted towards the use of standardized questionnaires and 
governmental initiatives to first determine perceptions and decisions of individual 
actors, and then to design government policies that were intended to diminish the 
effects of those decisions on the affected individuals and on the greater society. 
Zimmerer (1993a; 1996) and others (Hewitt 1983; Watts 1983a) have roundly 
criticized the natural hazards school for overlooking the potential role of historical and 
socioeconomic factors in setting up situations that can put affected people at risk. 
Indeed, this is the very approach that has so often failed in developing regions, as 
was outlined earlier in this section.
1.6.3.3 Cultural-Historical Ecology
Roughly contemporaneous with the Chicago School of Natural Hazards, 
another approach to studying human-environment interactions was that taken by Carl 
Sauer, and followed by many of his students. This approach has been termed 
cultural-historical ecology (Zimmerer 1996), and its adherents have studied the 
historical modification of natural regions or landscapes into "cultural landscapes" 
(Sauer 1925; Zimmerer 1996). Although Sauer in particular shunned the terms 
ecology, cultural ecology, and human ecology in his work, Zimmerer (19%; 167-
22
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
168) argues that ecological concepts informed the Sauerians in their examination of 
cultural landscapes. Sauer's promotion of a morphological approach to landscape 
(Mathewson 1996) instigated numerous studies among his students, and their 
protlggs, over the ensuing years. Two main criticisms of the Sauerian school of 
geography, however, were made by Brookfield (1964), who took them to task for 1) 
their overall refusal to examine social organization or the inner workings of culture; 
and 2) a lack of detailed field study in local communities. One notable contribution 
made by the Sauerian school of cultural-historical ecology, at least for the purpose of 
the current study, was the documentation of agricultural land forms such as terraces 
and semi-terraces (Spencer and Hale 1961; West 1970; Donkin 1979; Williams 1990; 
Treacy 1989), chinampas and raised field systems (West and Armillas 1950; 
Mathewson 1984), and field surface modifications (West 1959; Wilken 1987).
1.6.3.4 General Systems Theory
Brookfield's critique of the cultural-historical school of human geography led to 
the initiation of several subsequent approaches. The first of these was the advent of a 
systems ecology approach among human geographers during the 1960s. Advocates 
of the approach lauded its potential to provide a more discriminating theoretical 
framework, known as General Systems Theory, for studying human-environment 
relations at the local scale (Rappaport 1968). General Systems Theory proposed that 
human-environment systems contained several positive- or negative-feedback 
systems that served to maintain equilibrium through either limited random variation, 
known as "homeostatic equilibrium", or regular fluctuations, known as "dynamic 
equilibrium". The first human-environment studies incorporating systems theory 
were Geertz's Agricultural Involution (1966), which contrasted the human- 
ecosystem properties of swidden and rice-paddy agriculture in Indonesia, and 
Rappaport's Pig fo r the Ancestors (1968). Geertz's study used less of a true
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ecosystems approach, and applied cultural, political, and economic history, while 
Rappaport's study eschewed the historical approach for a more synchronic 
perspective. Bernard Nietschmann (1973) was the first geographer who claimed to 
use a system ecology viewpoint to study food-procurement strategies among the 
Miskito people of coastal Nicaragua (Zimmerer 19%). Research carried out through 
the perspective of system ecology led to depictions of peasant and indigenous 
societies as environmentally sound and harmonious with their natural environment. 
Studies assessing comparative energy costs in "traditional", low external-input 
agroecosystems vis-d-vis mechanized agriculture, for instance, have been used to 
argue persuasively for the traditional systems' superior efficiency ratios (Rappaport 
1971; Wilken 1980,1987). Yet, in terms of shedding light on issues of land 
degradation and changing environments, systems ecology falls far short of an 
explanatory concept Its principles quantify certain processes and illuminate how 
they work, but do nothing to explain the mechanisms involved in the development of 
these processes, nor does it elucidate why farmers in marginal settings sometimes act 
in ways that are detrimental to long-term agricultural production (Zimmerer 19%).
1.6.3.5 Adaptive Dynamics Ecology
A second perspective stemming out of Brookfield’s critique of cultural- 
historical ecology received its impetus from John Bennett's (1%9) work on several 
different groups' adaptations to living in the northern Great Plains region of Montana 
and Saskatchewan. Gregory Knapp (1984,1992) referred to this approach as 
"adaptive dynamics ecology". Its central concept concerns decisions that individuals 
make concerning the use of resources, both natural and cultural. These decisions are 
known as "adaptive strategies" (Denevan 1983), which when summed across an 
entire population produce patterns of environmental modification that are collectively 
known as "adaptive processes" (Zimmerer 19%). Zimmerer notes that two main
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topics have received the most interest from those studying adaptive dynamics 
ecology: 1) the discovery and investigation of agricultural land forms, and 2) present 
adaptations of land use among peasant and indigenous fanners.
The first of the two topics stems from the astute observations that were 
previously made by students of the cultural-historical perspective, which was in 
keeping with the perspective's emphasis on cultural land forms. Early work on 
raised fields and terraces documented morphological features (such as size, shape, 
and patterning of slope and field management systems like terraces and raised fields) 
and their geographic distribution (Spencer and Hale 1961; Parsons and Denevan 
1967; Donkin 1979). Roughly contemporaneous to much of this work, Turner 
(1974,1979) utilized aspects of a system ecology approach on his study of ancient 
terracing in the Rib Bee region of Mexico's Maya lowlands. His work is notable for 
associating terracing with dense populations and intensive agriculture in the region 
(Beach and Dunning 199S), which ran counter to earlier assumptions that Maya 
civilization in the region was supported primarily by swidden agriculture (Stevens 
1964). Based on the work of geographers such as West (West and Armillas 1950; 
West 1970), Turner (1974), Spencer and Hale (1961), and Denevan (1980), many 
development planners searching for appropriate technologies in Peru and Mexico 
have advocated the restoration or construction of agricultural terraces and raised fields 
as an ecologically sound development strategy for improving the lives of peasant 
farmers, especially in areas where population growth is placing increasing pressures 
on local land resources (Wilken 1987; Chapin 1988; Treacy 1989). However, these 
attempts have often suffered setbacks similar to those sustained by earlier agricultural 
development schemes that had been based on introducing outside technologies into 
developing regions. The reasons for the lack of unqualified success are familiar, 
which the following two case studies illustrate.
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Mac Chapin (1988) reported on the failure of an attempt by Mexico's Instituto
Nacional de Investigaciones sobre los Recursos Bidticos (INIREB) to build
chinampas10 in wetlands in the Veracruz and Tabasco lowlands. Chapin concluded
that several factors contributed to these failures. In the case of a project designed to
help the Chontal Indians living near Villahermosa, these factors included the burial of
fertile organic mucks under infertile sediments, the use of communal labor
arrangements unfamiliar to the Chontales, attempts to grow vegetables ill-suited to
local environments, and inadequate research into marketing the vegetables once they
matured (Chapin 1988: 13). In the second case, chinamperos11 from Xochimilco
were hired as consultants to ensure proper construction of the raised beds. However,
once again no one had researched local markets, and the crop was left to rot in the
fields due to a lack of buyers. Most importantly, according to Chapin, in neither
case did the project administrators consult local community representatives to
determine their needs. Chapin maintains that the chinampa system of Xochimilco
thrived in the Valley of Mexico because the social, political, economic, and
environmental circumstances were favorable:
In other words, the total ecological context-including the dynamics of human 
society as well as that of "nature"-was right..It (the chinampa system) was 
not an imported model. It developed naturally over a period of centuries as an 
adaptive response by the people of the Valley of Mexico to meet their 
particular needs, reaching its apex at the time of the Spanish Conquest 
(Chapin 1988: 16. Emphasis mine)
This contrasts sharply with the local situation for the two cases Chapin studied in
Tabasco and Veracruz.
In a study more pertinent to the topic of land degradation and conservation 
systems, John Treacy (1989) studied a government project designed to rehabilitate
10 Chinampas are the famed "floating gardens" of Mexico City. They do not actually float, but are 
instead raised beds created by anchoring alternating layers of aquatic weeds, bottom muck, and 
earth inside retangular cane frames firmly affixed to the floor of the Xochimilco-Chaleo Basin 
(Chapin 1968).
11 Chinampa farmers.
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30 hectares of abandoned terraces in Coporaque, a village in the Colca Valley of 
Perti. As was the case of the chinampas in Mexico, enthusiasm among scholars and 
planners enamored with aboriginal technology led to development projects. They 
proposed restoring ancient abandoned terraces, which they hoped would lead to 
opening up new agricultural lands in the area. According to the projects' sponsors, 
this would in turn stem out migration by offering local employment, and help to "lay 
the foundations of an ecologically sound, distinctly Andean political economy" 
(Treacy 1989: SI). Like Chapin, Treacy questioned the appropriateness of such 
projects on the grounds that planners tended to disregard the contemporary social and 
perceptual context of the Andes, meanwhile emphasizing the technological virtues and 
historical roots of the terrace systems. He maintained that, by restoring abandoned 
land, the project opened up a new set of problems that included disputes over water 
rights, land titling, finding markets for the additional production, and resolving 
disputes among local families over access to, and control of, the land (Treacy 1989: 
56). Additionally, labor availability rarely coincided with the optimal times for terrace 
construction. Finally, Treacy argued that terraces may actually be poor environments 
for some cash crops grown in the area. He maintained that those who intended to 
expand the use of terraces in the Andes needed to pay further attention to the 
sociological, socioeconomic, and political contexts within which this expansion was 
meant to occur.
The second topic covered by students of adaptive dynamics ecology deals more 
directly with the farm practices used by contemporary peasants and indigenous 
people. In general, these studies are pursued from the perspective of the rational- 
actor model (Zimmerer 1996). Denevan (1983) summed it up by saying that cultural 
and environmental changes occur as a result of countless individual and group 
decisions concerning a variety of technological options for coping with changes in the
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environment. Such changes often call for shifts in tools or strategies. Likewise, 
members of a given group are constantly trying out new techniques or strategies. 
Tools that work make their way into the repertoire, while those that do not are 
discarded. Thus, the biological concept of selection is at work, although adaptation 
in the cultural context is seen as "the attainment of culturally defined goals versus 
reproductive success or foraging efficiency" (Zimmerer 1996: 176). According to 
Zimmerer, research from the adaptive dynamics perspective has adopted an implicitly 
ethical sensibility. Thus, many researchers who work in this perspective have argued 
for the sound environmental logic of peasant and indigenous peoples and their 
resource-use strategies.
l.6.3.6 Indigenous Knowledge Systems Research
An important research perspective that emerged with, and has developed 
alongside, cultural ecology is known as indigenous knowledge systems research.12 
This approach involves the documentation and analysis of traditional knowledge 
systems concerning resources. Like cultural ecology and human ecology before it, 
much early and continuing research into indigenous knowledge systems has been 
conducted by anthropologists and biologists (Roys 1931; Conklin 19S4; Berlin et al. 
1973,1974; Brokensha et al. 1980; Alcorn 1981,1984; Breedlove and Laughlin
1993).
An exploration of the history of science would show that ethnoscience is 
actually a pre-cursor to the modem fields of botany, agronomy, soil science, and 
ecology. Many of the early Greek and Roman scholars working within the medical 
and agronomic traditions built upon ethnomedical, ethnobotanical, and 
ethnoagronomic traditions associated with the Mediterranean agricultural systems 
(Butzer 1992,1994). Islamic and European scholars followed this tradition during
l2 Also referred to as "ethnoscience", "folk knowledge systems", "local knowledge systems", or 
"traditional knowledge systems".
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the Middle Ages. After the Conquest, Sahagdn published folk taxonomies for New 
Spain in the mid- 16th century (Sahagdn 1963). These were based on information 
that Sahagdn had elicited from indigenous informants. In a more recent context, 
Krasil'nikov (1999) regards the modem interest in ethnopedology as a return, at a 
higher level, to methods that were widely employed in Russia in the 19th century by 
such Russian scientists as V.V. Dokuchaev. Thus, the current interest in 
ethnoscience, with its emphasis on establishing linkages between ''Western" and 
"traditional" knowledge systems actually represents a return to earlier scientific 
traditions, with an added emphasis on establishing a two-way communication 
between the two perspectives that may not have existed in earlier times (Butzer 1992).
In the modem era, the field of ethnobotany has received the most attention 
among the research perspectives that have been identified with ethnoscience. 
Ethnographers and ethnologists were the first to systematically examine folk systems 
of plant classification and usage. An exemplary example of this type of research is 
Roys' (1931) work on the ethnobotany of the Yucatec Maya (Cosminsky 1976). In 
The Ethno-Botany o f the Maya, Roys published many Yucatec treatises on the 
treatment of various diseases, as well as annotated lists of medicinal plants, animals, 
and minerals used by Yucatec doctors to treat various ailments.
The field of ethnobotany expanded greatly in the decades after Roys' work 
was first published. Subsequent studies on native uses of plants, especially those 
concerning medical uses, have made important contributions to science (Cosminsky 
1976). These contributions include the identification of new species, analysis of 
psychoactive plants and the discovery of new biodynamic compounds. This work 
has in turn provided additional impetus for the development of new drugs (Schultes 
1962, 1969,1972; Efron 1967; Dobkin de Rios 1972; Furst 1972; Hansel 1972; 
Hamer 1973).
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Harold Conklin (1954) is attributed with first suggesting the production of 
"comprehensive and systematic descriptions of local floras as both biological and 
cultural phenomena, with ethnobotany inextricably embedded in ethnography" (Hays 
1991: vi). Under the guise of the "New Ethnobotany" (Hays 1991: vii), Conklin 
(1954, 1962) and Berlin et al. (1966,1973,1974) produced extensive studies that 
focused on the folk taxonomies and classification systems of the Hanundo of the 
Philippines and of the Tzeltal Maya of southern Mexico, respectively. In addition to 
documenting folk plant classifications, their research also concerned indigenous 
knowledge of local ecosystems, soils, and agricultural management. This type of 
research has been carried forward by subsequent studies conducted, for example, 
among the Huastec Maya of Mexico (Alcorn 1981,1984), the Kayapd of the 
Brazilian Amazon (Posey 1985; Parker 1992), the Tzoltzil Maya of Chiapas Mexico 
(Breedlove and Laughlin 1993), Chinese peasants in Fujian Province (Chandler
1994), and the Mopan Maya of Belize (Steinberg 1999).
In addition to obtaining information on plant and animal classification and 
utilization, Conklin (1954) also documented the Hanundo's knowledge and use of 
soil resources. During his work with the Han undo, Conklin conducted a study of 
their soil taxonomies and soil suitability classification systems. He found that 
Hanunundo farmers distinguished ten basic and thirty derivative soil and mineral 
categories. Moreover, he discovered that the Hanundo's suitability classifications 
correlated well with the results of chemical analyses that were performed on selected 
soil samples. He also found that the Han undo had a clear understanding of the 
negative effects that erosion, exposure, and over-swiddening had on soil quality. 
Another anthropologist, William Carter (1969) documented Kekchi swidden 
cultivators' classifications of soil quality for milpa production in the lowland Izabal 
region of northern Guatemala. Breedlove and Laughlin's (1993) study of Tzoltzil
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ethnobotany also included a section on the Tzoltzils’ assessments of land and soil 
quality in the region of highland Chiapas where they live.
Given their interest in traditional agricultural systems, many of which have soil 
management as a primary function, a number of ecologically trained geographers 
have also contributed greatly to the study of indigenous knowledge systems 
(Williams 1975,1980a, 1980b; Williams and Ortiz-Solorio 1981; Wilken 1987; 
Williams and Harvey 1988; Hecht 1990; Zimmerer 1993a; 1994; Winklerprins 1997). 
Barbara Williams was the first to systematically study folk soil taxonomies in Middle 
America, concentrating primarily on the Central Basin of Mexico. Her work has 
included both contemporary and late Aztec era soil classification systems (Williams 
1975,1980a, 1980b; Wiliams and Ortiz-Solorio 1981; Williams and Harvey 1988). 
In her research on pre-Conquest soil knowledge, Williams found that late Aztec era 
classification systems were quite sophisticated, reflecting the complexity of the 
agricultural system in place at that time (Wiliams 1975). Conversely, she found 
that the soil classification systems of contemporary farmers had deteriorated 
significantly due to a gradual loss of the traditional knowledge base that she 
attributed to the process of cultural assimilation (Williams and Ortiz-Solorio 1981). 
However, the work of Williams (1975,1980a, 1980b; Williams and Ortiz-Solorio 
1981; Williams and Harvey 1988) and Wilken (1987) has also demonstrated that, 
despite this apparent degradation of earlier knowledge systems, folk soil 
classification systems among traditional Middle American farmers are still 
vigorous enough to record subtle variations in soil suitability for crop production.
Since the late 1980s, increasing numbers of scholars have turned their attention 
to folk knowledge of soil resources (Furbee 1989; Dunning et al. 1992; Pawluk et 
al. 1992; Zimmerer 1994; Sandor and Furbee 1996). Many current studies are being 
conducted by teams composed of anthropologists, linguists, and soil scientists, and
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concern elicitation of taxonomies of soil resources and their potentials for crop 
production (Belldn and Taylor 1993; Rajasekaran and Warren 1995; Belldn 1996; 
Sandor and Eash 1995; Sandor and Furbee 1996). Much of this work has been 
informed by prior research conducted by geographers on agricultural land forms. 
Geographers are also contributing to the current body of literature on folk soil 
knowledge systems (Dunning et al. 1992; Zimmerer 1994; Winklerprins 1997). In 
many cases, geographers' work also includes a component concerning the 
degradation of soil resources, as well as the factors-historical, environmental, and 
sociopolitical~that have led to this degradation (Zimmerer 1993a; 1993b; Beach and 
Dunning 1995). Principal among these is Bocco's (1991) work in Mexico, Beach's 
(Beach and Dunning 1995) and Dunning's (1992,1995) work in the Yucatin and 
Petdn regions of Mexico and Guatemala, Zimmerer's (1994) work in highland 
Bolivia, and Winklerprins' (1997,1999) work in the Brazilian Amazon.
1.6.3.7 Critiques of the Cultural Ecological and Ethnoscientific Perspectives
Both the cultural ecological and ethnoscience perspectives have made important 
contributions to research on natural hazards and environmental degradation.
Research conducted within these perspectives has illustrated the fact that humans' 
interactions with their environment are often complex, and that many traditional 
resource managers can be very ingenious when faced with environmental challenges. 
Studies carried out from the cultural ecological and indigenous knowledge systems 
perspectives have also demonstrated that degradation is not necessarily the result of 
poor land management on the part of resource-poor fanners, or the result of short­
term increases in population or economic activity (Zimmerer 1996; Batterbuiy et al. 
1997).
Some authors (Wolf 1982; Watts 1983b) have criticized the adaptive dynamic 
approach, however, maintaining that the focus on individual decision-makers
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underestimates the effects that social interactions such as cooperation, conflict, and 
contradiction have in creating the means for environmental modification (Zimmerer 
1996). They have also argued that larger-scale sociopolitical and socioeconomic 
relationships affect many local decisions intended to modify the environment 
An important critique of many studies on folk or indigenous knowledge 
systems is that "while indigenous knowledge theorists have appropriately tried to 
focus concern on indigenous and marginalized populations by highlighting their 
knowledge", many of them suffer from the same conceptual weaknesses as the earlier 
technically oriented approaches (Agrawal 199S: 414). Agrawal questions attempts to 
separate indigenous knowledge from western scientific knowledge, and maintains 
that this leads to "contradictions and the advocacy of contradictory practices"
(Agrawal 199S: 427). Of particular concern to Agrawal is the neo-indigenistas, as he 
calls them, who focus on the creation of storehouses of indigenous knowledge to 
allow distribution to other regions and contexts. According to Agrawal, this is a 
strategy many of the neo-indfgenistas claim western science has successfully utilized. 
He maintains that the danger inherent in this strategy is that it is essentially the same 
approach that the neo-indigenistas supposedly sought to avoid. His basic argument 
is that the neo-indfgenistas are advocating the placement of information gathered from 
indigenous peoples into centralized locations that are controlled by agents other than 
those from whence it originated. In the process, Agrawal argues, the neo- 
indfgenistas unconsciously elevate the very western science that they purportedly seek 
to bypass. At the same time, they call for taking indigenous knowledge, which is 
integrally linked with the lives of indigenous or underprivileged peoples, and placing 
it under the control of outside groups. He adds that, by doing so, the neo- 
indfgenistas are advocating taking power over such knowledge out of the hands of the 
marginalized groups -indigenous peoples- that they intend to help, and putting it
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into hands of western educated bureaucrats who have "access to international travel, 
western languages, or technical expertise in computer based information storage", 
while most members of traditional societies do not (Agrawal 1995:431). In 
conclusion, Agrawal argues that the only way to truly help the disadvantaged groups 
in question is by acknowledging the political nature of knowledge, by beginning to 
recognize intra-group differentiation, and by searching for "bridges across the 
constructed chasm between the traditional and the scientific" (Agrawal 1995:433).
1.6.3.8 Political Ecology
Political ecology is the latest geographical perspective to come out of such 
critiques of earlier positions on human-environment interactions. Political ecology is 
defined by Blaikie and Brookfield (1987: 17) as: "[combining] the concerns of 
ecology and a broadly defined political economy. Together this encompasses the 
constantly shifting dialectic between society and land-based resources and also within 
classes and groups within society itself." According to Zimmerer (1996), the first to 
use the term was Eric Wolf (1972), who advocated including the interaction of local 
peoples with larger-scale political forces, when addressing topics of current land use 
through an ecological lens.
Apparently, it was during the 1970s and 1980s, when anthropologists and 
sociologists were seeking to apply Wolfs ideas from the Alps to various regional 
settings, that the term political ecology also became associated with research 
concerning relationships between politics, political organization, and the environment 
(Zimmerer 1996).
Blaikie's The Political Economy o f Soil Erosion in Developing Countries 
(1985) further defined and refined geographic perspectives in political ecology. His 
dynamic access model, which "constructs a boftom-up analysis from individuals to 
larger social aggregates" (Blaikie 1985:11; Zimmerer 1996:177) in some ways
34
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
provides a model for the current study. I will return to this topic later in the 
discussion. Empirical studies of this type underscore the role of access to resources, 
which is in turn shaped by such factors as land tenure, commercial pressures, labor 
shortages, and ideology (Watts 1983b; Sheridan 1988; Zimmerer 1993a, 1993b, 
1996). Many of theses studies have concentrated on how development projects have 
often created environmental degradation and exacerbated local situations of uneven 
development in the process, usually due to an unforeseen combination of 
environmental and social factors (Grossman 1984; Hecht 198S;Treacy 1989). As 
political ecology evolved, it thus also began to acquire a dual set of research 
perspectives.
One approach within the political ecology perspective uses ecological concepts 
to understand the environmental impacts of human activities. This approach likewise 
seeks to monitor environmental impacts through measures that were developed within 
biological ecology and are used to determine levels of environmental degradation, 
resilience, and sensitivity. This is accompanied by research on individual decision­
making that is framed in a "responses in context" model. Finally, the approach 
incorporates an ethical ecology that seeks to preserve environments, in order to 
ensure the livelihoods of local inhabitants while working within a broader framework 
of human rights and grass-roots models of economic development The second, or 
political economy, perspective is more concerned with the human organization of 
those activities and the broader socio-political and socio-economic forces that affect 
them (Zimmerer 19%).
1.6.3.9 Critiques of the Political Ecology Perspective
While Zimmerer touts political ecology's potential for adding new insights 
towards understanding human-environment relationships, especially those pertaining 
to environmental degradation, he also admits that it has received some important
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critiques. One is the apparent gap between research on the political economic 
contexts within which environmental degradation occurs on the one hand, and that 
which focuses on individual decision-making on the other. In much of the research 
conducted from the political economic perspective, individual decision-makers and 
marginal groups, such as traditional farmers, are seen as victims of larger-scale 
forces. As Zimmerer (1996) notes, however, individuals and households play a role 
in determining their local contexts.
Another important shortcoming of many studies conducted from the political 
ecological perspective is that the environment is often relegated to the role of 
backdrop to political and economic processes, or as a receptor of modification 
(Stevens 1994; Batterbury et al. 1997; Steinberg 1999). One example occurred 
during a session at the 1998 Association of American Geographers Annual Meeting, 
in which Judith Carney (1998) took several presenters to task for failing to adequately 
define the ecological processes in question. Most of these papers instead focused on 
interactions between developmental institutions, NGOs, government agencies, and 
local citizens' groups, while the environmental resources and the local knowledge 
systems regulating those resources merely provided a backdrop for relationships 
between the various socio-political actors.
Let me make it clear that I believe that the politics and economics of 
environmental debates are important in understanding problems associated with land 
degradation and conservation. Yet, they are not ecological topics, perse. As 
Steinberg (1999) notes, such studies run the risk of becoming the very thing for 
which many political ecologists have chastised cultural historical ecologists and 
cultural ecologists: overly descriptive, with a paucity of actual ecological links being 
made. Steinberg also questions the rejection by many political ecologists of the 
notion that population growth is an important factor in processes of land degradation
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occurring in underdeveloped regions. Certainly, there are studies (Bosenip 1965) 
that show that population growth may actually lead to agricultural practices that 
conserve soil resources, and that also serve to improve local environments.
Likewise, there are important studies that show how population declines have led to 
increased land degradation (Zimmerer 1993b). Yet, as Steinberg (1999) maintains, a 
situation in which increasing numbers of people putting pressures on a fixed amount 
of land generally leads to degradation, unless there is a change in technology, or in 
social organization.
One potential solution to the above dichotomy is proposed by Batterbury et al. 
(1997). The authors call for hybrid research that acknowledges "the constructed 
nature of all environmental knowledge", while also working "to reveal biophysical 
processes by using hybrid sources (including both qualitative and quantitative 
information from several sources) to investigate concerns which are locally defined as 
well as globally acknowledged" (Batterbury et al. 1997:128). Such hybrid research 
would thus record not only physical changes in the environment, it would also seek 
to define how far such physical changes may actually form a problem for local 
communities.
1.6 .4  How the Current Study Fits Within This Framework
The current study, with its focus on the perceptions that local farmers have of 
soil erosion and its effects on crop production, as well on as farmers' responses to 
potential threats that are imposed by accelerated soil losses, is in part a study of 
natural hazards in the classic sense first defined by White and his students (Burton et 
al. 1978). The portion of the study that is devoted to physical measurements of soil 
erosion and fertility is also similar to the work of Bennett and others that was 
conducted during the early 20th century. However, the perspective taken herein lies 
squarely within the ecological perspectives that have been proffered by geographers,
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and that have been summarized by Zimmerer in his essay. My methodology 
follows the bottom-up approach that was advanced by Blaikie (198S) in that the main 
focus is a case study based on nineteen months of fieldwork that was spent collecting 
information on agricultural systems, local perspectives on soil erosion and soil 
fertility management, and on local perspectives concerning various soil conservation 
systems, both traditional and introduced.
I also used a hybrid approach similar to that advocated by Batterbury et al. 
(1997). This hybrid approach combined ethnographic methods of participant 
observation and semi-structured interviews with physical measurements of erosion. 
Near the end of the field stay, I conducted a socioeconomic survey in six villages and 
hamlets. The survey questionnaire resembles aspects of the Chicago's Human 
Ecology School's approach, although its design and administration was more 
influenced by anthropological approaches advocated by Bernard (1994), and used to 
great effect by Asturias de Barrios (1994) in Comalapa, Guatemala. Bernard (1994) 
maintains that socioeconomic surveys, when combined with ethnographic techniques 
such as participant observation and semi-structured interviews, can be very powerful 
tools. The latter two techniques help ensure that survey questions will be more 
culturally relevant than if the survey questionnaire is developed without reference to 
the local cultural context
This study also fits squarely within the framework of ethnoscience, as outlined 
in the preceding sections. Chapters Four, Five, and Six are devoted to folk 
knowledge of the soil as a resource for agricultural production, to folk perspectives 
on the management of the soil resource, to folk perspectives on the degradation of the 
soil resource, and to folk perspectives on the conservation of the soil resource. The 
emphasis of both the study and of folk knowledge systems is on the practical 
management of soils for crop growth, rather than on soils as a natural body.
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Therefore, I will also argue in Chapter Four for the use of the term ethnoedapbology 
to replace the currently used ethnopedology for the study of folk soil knowledge 
systems, especially those studies that pertain to the management and use of soil 
resources. In this sense, the study represents a step in the direction of bridging the 
divide between traditional and Western models of classification that is proposed by 
Agrawal (1995), since edaphology is the study of the influence that soils have on 
living things, namely the higher plants (Buckman and Brady 1969; Miller and 
Donahue 1990).
1.7 Related Literature on Highland Guatemala
Highland Guatemala has been the focus of many anthropological and 
geographic studies concerning the cultural and economic lifeways of the various 
Mayan groups in the region. McBryde's Cultural and Historical Geography o f 
Southwest Guatemala (1947) is a comprehensive regional geography. A major 
portion of this work is dedicated to agriculture, and provides valuable information on 
the region, including physical features, climate, lifeways, local economies, regional 
market networks, milpa, and horticultural agroecosystems such as the tablon systems 
of Panajachel and Almolonga. His study was extensive, but devoted primarily to the 
region immediately surrounding and to the southwest of Lake Atitldn. Nonetheless, it 
provided much valuable information that went into Chapter Three.
Tax (1963) documents the milpa system and its relationship to the economy of 
the lakeside town of Panajachel, giving detailed descriptions of hillside milpas, of the 
maize agricultural cycle, and of fertility maintenance before the advent of chemical 
fertilizers. Additionally, he documents labor inputs, and provides important data on 
milpa productivity.
Horst (1987,1989) provides two important analyses of milpa agriculture, and 
its importance within a larger agroecosytem. He analyzes the importance of milpa to
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fanners in Highland Guatemala, as well as its flexibility as a springboard for the 
introduction of new crops.
Lovell (1988) provides important information on how "traditional" Mayan 
society has changed as a result of colonial policies. He also discusses the effects of 
the post-colonial governments' policies toward the Highland Maya, and the effects 
that these policies have had upon modem Mayan groups. Although his work 
primarily focuses on the Altos Cuchamatanes, much of the demographic and historical 
information he presents is pertinent to all Indian communities across the Guatemalan 
Highlands. Warren (1978) also ponders these issues in her study of changing 
traditions within a Kaqchikel town near Lake Atitl&n. The work of these two authors 
provides valuable information on questions of Maya identity and politics. It also 
goes far in elucidating many of the historical and political factors that may have 
affected local agricultural practices and their impact on the environment
Mathewson (1984) went into greater detail than either McBtyde (1947) or Tax 
(1963) concerning the farming systems of Panajachel. Mathewson (1984) focused on 
the Panajachelefios' system of raised-bed horticulture, which is named after the raised 
beds that are known as tablones. He details work inputs, cropping patterns, land 
prices, and the specific micro-environments associated with the system. Although 
Mathewson mentions the hillside cultivation of maize, he spends little time on the 
ecology and soil environment of hillside milpas, focusing instead on traditional 
production systems dedicated to the production of vegetables for regional, national, 
and international markets.
Gary Elbow (1974,1981) conducted studies that have particular relevance to the 
proposed research. In the first study, he compared the cabeceras of three Highland 
Guatemala municipios based on degrees of ladinoization (the loss of traditional Mayan 
traits, and adoption of Hispanic traits) and how it affected economic pursuits,
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lifeways, and integration into local, regional, and national socioeconomic patterns. 
The second study concerned a general comparison of Ladino and Maya farming 
practices, indicating subtle differences between fanning practices, but widely different 
perceptions of the importance of agriculture in their daily lives. He did not delve into 
the effects of regional farming systems upon the local environment in either study. 
Furthermore, he approached the second study from more of a policy perspective that 
favored the introduction of irrigation projects and increased usage of agrochemicals. 
However, as a geographer, he departs from the work of earlier USAID-funded 
studies by noting Kaqchikel farmers' innovativeness, dedication to agricultural 
production, willingness to try new technologies such as chemical fertilizers, and 
enthusiasm for working in agricultural cooperatives. Some of his conclusions 
concerning ladino farmers differ from my own observations, however. Nevertheless, 
his work provides an important baseline for a comparison of how farming systems, 
socioeconomic realities, and cultural attributes have changed in the area.
Mdndez Dominguez' Zaragoza also provides much useful information on the 
local region (1967). Although the author does not spend much time discussing 
agriculture, per se, his book provides important information on the political economy 
within Zaragoza municipio, and its effects on the local inhabitants, both ladinos 
and indfgenas.
Sheldon Annis' God and Production in a Guatemalan Town (1987) contains a 
sophisticated appraisal of the milpa system and its relationship to the Maya self- 
concept in a larger social system. He examines the socioeconomic relationships 
within a modem Mayan community within the sense that they relate to religion, 
production systems, and the larger cultural and political system of Guatemala.
Gene Wilken's Good Farmers (1987) is based on the results of research that he 
conducted in Mexico and Guatemala. The type of information that this book supplies
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on labor inputs, crop selection, tools used, etc. provides a good starting point for 
learning about the agriculture of the region. It also furnishes a greater appreciation of 
traditional farmers' capacity for coping with a variety of environmental and economic 
constraints. Wilken (1987: p. 270) admits, however, that these systems remain 
"largely untested not only for ecological soundness but also for effectiveness in 
realizing individual and national goals." He explains that there is still much to be 
learned about how these practices work, and about the cultural contexts within which 
they are found. This statement, and much of the information contained in Good 
Farmers, provided an impetus for the current study. Wilken's work also furnished a 
basis for comparing and contrasting many of my own observations and conclusions 
concerning farming systems in Comalapa and Zaragoza with those that he made in 
other portions of Guatemala, where the farming systems are often similar to, but just 
as often quite different, from those that I found in these two municipios.
Until the past decade, the two municipios that are the focus of this study, 
Comalapa and Zaragoza, had long been underrepresented in the anthropological and 
geographical literature on Guatemala. Beginning in the 1990s, that changed. Since 
that time, a number of anthropological studies have been published on the lifeways, 
language, painting traditions, and weaving traditions of Kaqchikels in Comalapa. 
Principal among these is the work of the Guatemalan anthropologist Linda Asturias 
de Barrios (198S, 1994), who has published several studies on the meaning and 
symbology of Comalapa's traditional weaving and primitivist painting traditions. An 
important aspect of her work, from the perspective of my study, is her placement of 
the latter two folk traditions within the sociocultural and socioeconomic environments 
of Comalapa. While her studies both focus primarily on the cabecera, and the village 
of Panajabal, her descriptions of local land tenure and the traditions surrounding 
agricultural production has supplemented, and corroborated, my own observations
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and interview notes. She also played a more direct role by assisting in the 
development of the interview form used for the village survey.
Since the 1980s, the University of Texas and Tulane University have co­
sponsored, in conjunction with the Proyecto LingUistico Francisco Marroqufn in 
Antigua, a series of six-week long summer courses in intensive Kaqchikel. Each 
summer, students who attend the language courses spend a week or more living and 
studying in the town of San Juan Comalapa. As a result of their experiences, several 
of these students have been inspired to conduct research on various aspects of 
Comalapan life, history, and culture. Two works stemming from this research have 
also contributed to my own knowledge of the local language and history of 
Comalapa. Eric Keys (1996) lived with and interviewed members from several 
Kaqchikel households in the town of Comalapa during the summers of 1995 and 
1997, conducting research on household gardening in an urban Mayan setting. His 
1996 paper helped me in translating several Kaqchikel and Spanish names for various 
"volunteer" plant species to be found in local rtulpas (see Chapter Three). In 1998, 
Garzon et al. published The Life o f Our Language: Kaqchikel Maya Maintenance, 
Shift, and Revitalization. Two chapters from this book, "A Brief Cultural History of 
the Guatemalan Highlands" by R. McKenna Brown (1998) and "Case Study Three: 
San Juan Comalapa" by Susan Garzon (1998) also provide important background 
information on the history, economy, and demographics of the Kaqchikel region, and 
of Comalapa.
Finally, a recently published Kaqchikel-Spanish dictionary has helped 
tremendously with the translation of soil terms provided by my Kaqchikel assistants 
during elicitation of folk soil classifications in the Comalapan communities of 
Pachitur, Pamumus, and Paquixfc. The Diccionario Kaqchikel (Cojtietal. 1998) 
was published by three Mayan linguists, themselves of Kaqchikel descent It proved
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invaluable in helping me verify several terms that were used by my assistants. Some 
of these terms, such as q'ana, for "clay", were often not recognized by my translators 
from the town of Comalapa, but were still used by some of the older farmers in the 
rural communities.
1.8 Organization of the Text
Chapters Two and Three follow the cultural-historical ecology perspective by 
presenting the physical and cultural contexts in which the fieldwork took place. 
Chapter Two presents the physical environment -including land forms, tectonic and 
geologic history, climate, soils, and natural vegetation- that provides both resources 
and challenges for Comalapan and Zaragozan small fanners. Chapter Three 
describes the historical and contemporary setting of Highland Guatemala and the two 
focus municipios. This includes sections on prehistory, history, demographics, 
agricultural systems, and land tenure. Also included are brief descriptions of the six 
aldeas and casertos 13 within which the fieldwork took place. This provides a local 
and regional framework for the remaining chapters.
Chapter Four presents the ethnoscientific perspective. In this chapter, I discuss 
local taxonomies and suitability classifications for various soil and sediment types, 
based on information provided by several farmers who accompanied me into the field 
during the spring of 1997. I supplement this information with comments made by 
various farmers during the series of semi-structured interviews conducted during the 
fall of 1996 and spring of 1997. It is here that I begin to address Blaikie's and 
Agrawal's critiques of this perspective by comparing local taxonomies' utility 
categories with "Western" scientific principles of classification and soil capability
13 The word aldea roughly translates as "village". It is actually an administrative unit with its own 
appointed officials who handle many local matters. These officials meet with the municipal 
leaders on a monthly basis to report to them on local matters. A caserio is generally no more than 
a small cluster of residences (a "hamlet"), and is a sub-administrative unit within an individual 
akba or pueblo (town).
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categories that are based on soil survey maps and soil profile descriptions. At the 
end, I will argue for a new term to describe studies of this type.
Chapters Five and Six also follow the indigenous knowledge systems research 
perspective. In these chapters, I present local farmers' perspectives on soil fertility 
management, soil erosion, and soil conservation.
Chapter Seven provides the physical counterpoint to Chapters Four, Five, and 
Six. This chapter presents estimates of short term and long term erosion rates that I 
derived from data obtained during the erosion plot comparisons and the 137Cs 
measurements. This is combined with data on various soil fertility indicators.
Chapter Eight concludes the study with a discussion of materials and issues 
presented in the seven previous chapters. I will discuss and compare local knowledge 
systems and perspectives on soil capabilities, soil fertility management, soil erosion, 
and soil conservation systems. I will then compare them with results of the physical 
measurements that are presented in Chapter Seven. This will be followed by a 
discussion of the various factors, environmental and social, that affect farmers' 
management of the soil resource. The final two sections present the study's 
implications for development, the study's limitations, and future research directions to 
which the study points.
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CHAPTER TWO 
NATURAL ENVIRONMENT 
2.1 Introduction
The field portion of the research took place in the municipios of Zaragoza and 
Comalapa, which are administrative units within the department of Chimaltenango, 
Guatemala (Figure 1.1). Like all regions, geographic location, geology, elevation, 
and topography affect climate, soils, flora, and fauna. These in turn affect agriculture 
and resource management strategies, particularly those pertaining to the soil resource, 
which is the primary topic of this study.
The following sections provide brief descriptions of the local and regional 
environment, beginning with landscape and geologic setting. This will then be 
followed by brief descriptions of regional and local soils, climate, and forest 
resources.
2 .2  Physiography and Geologic History
2.2.1 Landscape Description
Guatemala's western volcanic highlands, or "Los Altos," form the northwestern 
end of the Central American volcanic axis. It is a beautiful landscape dominated by 
tall stratovolcanoes that overlook lava plateaus and ash-filled basins. The rolling 
surfaces of these basins support highly fertile soils that are ideally suited for 
agriculture (West and Augelli 1976).
It is also an area of almost continual earthquake activity, in which low- to 
medium-energy tremors may occur several times a year. Occasional high-magnitude 
earthquakes have resulted in enormous loss of life and property, and have had a major 
impact on the region's socio-economic history (Weyl 1980).1
1 The earthquake of 1773, which precipitated the movement of the nation's capital from Antigua to 
its present-day site, and the 1976 earthquake, which caused 23,000 deaths are two important 
examples of the impacts the region's sometimes violent landscape has had on Guatemala's 
political, cultural, and demographic history.
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Locally, the cabeeeras 2 of Zaragoza and Comalapa occupy a large, irregular 
upland basin known as the Chimaltenango-Tecpdn basin (Figure 2.1; Elbow 1974). 
Elevation in the basin ranges from 1,800 meters near Chimaltenango to the east, to 
over 2,200 meters at Tecpdn and Patziin to the west
Ash and pumice deposits of rhyolidc and basaltic origin, from surrounding 
Tertiary and Quaternary peaks, cover the basin floor to depths approaching 300 
meters in places, leaving nearly flat to rolling surfaces (West 1964; Williams 1960). 
This gentle terrain defines the landscape immediately surrounding the two cabeceras, 
Comalapa and Zaragoza (Figure 2.2). These are the best agricultural lands in the 
vicinity, but make up only a small portion of the entire land area within the two 
municipios (Gall 1983; Mdndez Dominguez 1967).
Most of the municipal lands, however, lie within broken terrain (Figure 2.2), 
where streams draining into the Motagua River system have eroded deep, steep-sided 
gorges and ravines, known as barrancos, into the softer ash deposits (Mdndcz 
Dominguez 1967). It is a picturesque landscape dotted with small villages and 
hamlets clinging to the sides of ridges, or draped over their tops (Figure 2.3). Local 
farmers' milpas, with their contoured rows of maize, climb the slopes, broken only 
by small patches of woodland or remnant forest. It is also a landscape considered 
marginal for agricultural production (Simmons et al. 1971). High-intensity rainstorm 
events can break those contours, and carve large rills and gullies in milpa surfaces, 
with runoff carrying off topsoil and maize plants as it heads towards the many 
streams and rivulets that dissect the landscape (Figure 2.4).
It is in this broken terrain that most of the field research took place. Although 
nearly flat to gently rolling terrain can be found in small basins, or along ridge tops, 
most of the land is steeply sloping, and farmers may plant their milpas on slopes
2 Cabectm is a term referring to a governmental seat, such as a municipal seat or departmental 
capital.
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Figure 2.1: Chimaltenango-Tecpdn Valley.
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Figure 2.2: Topographic map of Comalapa and vicinity showing the rugged nature of 
the terrain in many outlying communities, compared to that of Comalapa 
town and its immediate vicinity.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 2.3: Hilltop village.
Figure 2.4: Rills and incipient gullies forming in a hillside milpa.
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with gradients that approach 60% (27*). It is this variation in local terrain that makes 
these villages an ideal location to conduct a study on soil management practices, 
especially those pertaining to soil erosion and soil conservation.
This is the type of landscape that characterizes a region bounded by active plate 
margins (Weyl 1980). Its present appearance has been shaped by over one billion 
years of tectonic activity, which still plays a major role in the ongoing evolution of the 
physical landscape.
2.22 Geologic Setting
According to Weyl (1980), at least five lithospheric plates intersect in this 
region. Its current morphology is a result of what he considers a "perfect example of 
a subduction zone that has developed at the edge of the Pacific" (Weyl 1980:280).
The Chimaltenango-Tecpdn basin is located within a key portion of this dynamic 
region (Weyl 1980). It lies at the margin of two major tectonic plates, the Caribbean 
Plate to the south, and the North American Plate to the north. The Motagua fault 
system (Figure 2.5), defined by the valley of the Rio Motagua, represents the 
boundary of the two plates. It is a left-lateral strike-slip fault, much like that of the 
San Andreas Fault system in California.
A third tectonic plate, the Cocos Plate, under thrusts the Caribbean Plate, 
causing what is known as a subduction zone. The volcanic belt region that makes up 
the western highlands of Guatemala is a classic example of a volcanic arc system that 
has formed at the front of this subduction zone (Weyl 1980).
The earthquakes mentioned in the previous section were the result of relative 
plate movements along the Motagua system (Weyl 1980). The 1976 earthquake was 
particularly powerful, measuring 7.5 on the Richter scale. It was triggered by left- 
lateral horizontal movement along die Motagua Fault. Average displacement was one 
meter along the fault The peak displacement was 3.25 meters. Notwithstanding
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the high loss of human life and property damages associated with this earthquake, it 
also provided geologists with confirmation of the hitherto uncertain view that the 
North American Plate is moving westwards relative to the Caribbean Plate (Weyl 
1980). The large basins in the region, such as the Chimaltenango-Tecpdn basin, the 
Guatemala Graben, and the Antigua Graben, are delimited by north-south trending 
faults that strike transversely to the Motagua fault system, and to the trend of the 
volcanic chain. Many of the aftershocks from the 1976 earthquake occurred along 
these fault lines.
The region's tectonic activity is also reflected in the rock record. From the early 
Paleozoic, up to the Tertiary, the area was subjected to various periods of uplift and 
mountain-building, interspersed with intervals of erosion and subsidence (Weyl 
1980). The Tertiary marked the beginning of the present phase of tectonic activity. 
This period was marked by volcanism characterized by glowing tuffs, pumice 
deposits, and ignimbrites. These pyroclastics erupted from fissures, some of which 
can be detected in a series of rhyolitic to rhyodacitic domes of the Teciin Umdn Ridge, 
in the vicinity of Quezaltenango (Weyl 1980; Gall 1983).3
This contrasts with the great eruptions from single cones that occurred in the 
uppermost Tertiary and the Quaternary, up to the present (Weyl 1980). Since the 
Upper Tertiary, the volcanic activity has shifted in the direction of the present Pacific 
margin. In Guatemala, this movement is evident in that Tertiary deposits can be 
found as far inland as the central mountain chains, while the Quaternary volcanoes lie 
on the Pacific-ward margins of the highlands.
Today, much of the pyroclastic material erupted from these peaks is ejected into 
the atmosphere, where the jet stream carries it in a general northward direction,
3 Chemical analyses of the pyroclastic deposits determined that they are predominantly sialic or 
acidic, i.e., they are high in silica (Si02), and low in base metals (Ca, Mg, Mn, K, Na, etc.).
This has an important influence on the potential fertility of soils which form on this type of 
deposit, as will be explained in a later section.
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counter to the prevailing surface winds.4 Ash clouds from these events extend very 
high into the atmosphere. Ash that remains at lower altitudes is deposited 
southwards, while ash flung to higher altitudes is transported in the opposite 
direction. Rock records show that this must be the case for the majority of eruptive 
events occurring since the initiation of Quaternary volcanism (Weyl 1980). This 
ongoing process of ash deposition in regions northwards of the Quaternary volcanoes 
has important bearing on the study area, as will be further explained in the following 
section.
Surficial deposits covering the municipios of Comalapa and Zaragoza include 
Tertiary volcanics, Tertiary volcanic sediments, and Quaternary pumice deposits 
(Bonis 1993). Williams (1960) described local geologic sections along portions of 
the road from San Jos6 Poaquil to Chimaltenango (Figure 1.2). Williams describes 
the portion of the road from San Josd Poaquil to Comalapa as being dominated by 
biotite rhyolite or rhyodacite. Immediately to the south of Comalapa, Williams 
mentions an unstratified glowing-avalanche deposit of quartz- and biotite-rich 
rhyodacite. South of Comalapa, towards Chimaltenango, Williams notes flows of 
olivine basalt and layers of tuffaceous sediments. These sediments are associated 
with extensive sheets and dome-shaped masses of dense and pumiceous rhyolite or 
rhyodacite containing irregular streaks of obsidian. Williams also mentions extensive 
deposits of Quaternary pumice stretching northward from the Inter-American 
Highway to Tec pin and Comalapa. Williams describes these deposits as flat-topped 
valley fills underlain by Tertiary pumiceous clays, silts, and sands of dacitic origins, 
as well as by volcanic conglomerates and a few flows of andesite and dacite that 
outcrop along and near the bottoms of canyons. According to Williams, the 
predominance of fluviatile sediments among these Tertiary beds suggests that the
4 This is based on observations of more recent events, such as the 1902 eruption of Santa Maria and 
various Fuego eruptions (Bonis, et al. 1966).
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Quaternary valley fills accumulated in areas that had long been important drainage 
ways.
Given that volcanic eruptions often send ash high into the atmosphere, where it 
is injected into the jet stream and sent northwards to fall on areas well away from its 
source, areas like Comalapa and Zaragoza may still receive periodic influxes of 
volcanic materials. Such ash falls may serve to rejuvenate local soils.
2.3 Climate
2.3.1 The Effect of Topography
The Chimaltenango-Tecpdn basin's location on the central portion of a high 
volcanic uplands in the tropics has a profound effect on local climate. The following 
description of the factors affecting the region's climate is based in part on Viv6 
Escoto's (1964) descriptions of the various climatic factors that affect regional 
weather and climate for all of Middle America.
Local and regional climatic and weather patterns are affected by several factors. 
They include: 1) latitude; 2) elevation; 3) pressure areas and associated winds; and 4) 
air masses (Viv6 Escoto 1964; West and Augelli 1976). The volcanic highlands 
occur between latitudes 14* and IS* north, well within the tropics. Mean annual 
temperatures in this tropical region exhibit little variation, generally less than 10* C. 
Daily temperatures often undergo greater variations than do annual temperatures, 
leading to the phrase "Night is the winter of the tropics” (Viv6 Escoto 1964).
Returning to the earlier description of local physiography, the gently rolling 
surface of the Chimaltenango-Tecpdn basin varies in elevation from 1,800 meters to 
over 2,200 meters. This places the basin at the transitional position between two of 
the elevationally delimited climatic belts given for the American tropics: the tierra 
templada (elevation: 1,000-2,000 meters; average annual temperature 16-24* C) and 
the tierraJHa (elevation: 2,000-3,000 meters; average annual temperature: 6-16* C)
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(Viv6 Escoto 1964; West and Augelli 1976; Caviedes and Knapp 1995). Due to 
adiabatic cooling, this high basin exhibits a much cooler climate than the coastal areas, 
or the Pet6n, which lie within the tierra caliente (elevation: 0-1,000 meters; average 
annual temperature: 24-30° C).
Most of the villages visited during the study are situated in the broken terrain to 
the east of the two cabeeeras. The remnants of Tertiary volcanoes and tectonically 
uplifted ridges are interspersed with small basins and deep, steep-sided ravines. As a 
result, both temperature and rainfall may differ greatly from one location to the next 
Local ridges have lower temperatures and higher precipitation than do local basins. 
Ravines are often the opposite, having higher overall temperatures, and may receive 
less rainfall on their leeward slopes, than do adjacent basin surfaces or hilltops. 
Conversations and interviews with local farmers indicate that they take advantage of 
these micro-climatic differences to plant crops with different water and temperature 
tolerances at different elevations, and on slopes with different aspects. For instance, 
some local farmers grow coffee, bananas, and even sugarcane in protected coves near 
Simajhuleu, Las Colmenas, and Los Chilares, all of which are located at an 
approximate elevation of 1900 meters.
2.3.2 Temperature
Although climatic data are not available for Zaragoza, data from Guatemala's 
Instituto Nacional de Sismologfa, Vulcanologfa, Meteorologfa E Hidrologfa 
(INSIVUMEH) indicate that Comalapa's mean annual temperature hovers around 16° 
C. This region's proximity to the equator results in minimal differences between the 
mean January low temperature of 11° C, and the mean April and May high 
temperature of 21° C. Daily extremes are nearly as wide as are the annual extremes. 
For example, the month of January experiences the greatest average daily range of 11° 
C to 18° C.
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Winter contrasts between colder land masses and wanner waters in the Gulf of 
Mexico and the Caribbean Sea periodically cause the deflection of polar air masses 
and their associated cold fronts (Viv6 Escoto 1964). These nortes bring colder 
weather and occasional light precipitation to the area. Nortes moving through the area 
caused four killer frosts in Comalapa during the winter of 19%. Another norte 
brought a hailstorm that damaged local crops in Paquixfc on January 24 of the 
following year. During the summer rainy season, rainfall brings cooler air from 
upper elevations. As a result, overall temperatures for the months of June through 
October are slightly lower than those for April and May (Viv6 Escoto 1964). Daily 
temperatures experienced during the rainy season are not much higher than for the 
coldest months, due to the higher cloud cover. The diy season is characterized 
by nearly cloudless days. Consequently, average daily temperatures peak during 
April and May, just before the onset of the rainy season. Long-term average daily 
highs of 22* C were recorded for Comalapa during April, while daily highs for July 
through September averaged 19* C. In 19%, average daily highs were slightly 
higher 26* C for April, and 23* C for July through September.
2.3.3 Precipitation
Local precipitation is strongly seasonal. INSIVUMEH data indicate that 
Comalapa received an average 1,390 mm (55 inches) rainfall between January 1,
1960, and December 31,1982. Ninety-one percent of this precipitation fell between 
May 1 and October 31. The remainder fell between November 1 and April 30.
This highly seasonal pattern of precipitation is due to several factors (Viv6 
Escoto 1964). Movement of the thermal equator brings it into contact with the 
moisture-laden Trade Winds and the Pacific Countercurrent that blow inland off the 
Gulf of Mexico, Caribbean Sea, and the Pacific Ocean, forcing them to rise with it. 
This warm, humid air begins to destabilize as it interacts with adjacent cooler air
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masses. Monsoonal regional circulation, which causes air to move inland from the 
relatively cooler water bodies during the summer months, provides additional 
impetus to drive this unstable air into the basins of the interior highlands. Convective 
cells caused by heating of land surfaces during the daytime further destabilize this 
moist air mass. This causes the buildup of massive thunderheads, which drop their 
precipitation during the afternoon and early evening hours.
During the winter months, this pattern is reversed, as southward movement of 
the thermal equator is accompanied by southward movement of the Subtropical 
Calms. The latter are large masses of descending air that combine with the winter 
variant of the Monsoonal Regional Circulation to bring dry, cool air masses into the 
region. These stable air masses contain less moisture than the Trade Winds or the 
Pacific Countercurrent. This results in a dry winter season (Vivd Escoto 1964).
Local precipitation is also affected by such periodic events as tropical cyclones 
and the nortes that come through during the winter months. Much of the rain falling 
on the area during the months of August through November is caused by tropical 
cyclones in the Gulf of Mexico, or off the Pacific coast Many of the most intensive 
rainfall events can be traced to the effects of tropical cyclones in the vicinity of 
southern Mexico and northern Central America (Viv6 Escoto 1964).
During the peak rainy season months of June through September, rain may fall 
on 20 or more days over a 30-day period. Most of these precipitation events are light 
showers that occur during the afternoon or evening hours. These rainfall events 
provide less than 20 mm over a 24 hour period. Periodically, however, as much as 
50 to 100 mm of rain may fall during intensive thunderstorm events. During such 
events rainfall intensities sometimes reach over 40 mm/hr during short bursts. These 
are the events that cause the most concern from the standpoint of erosion and 
conservation, since regional studies have shown that rainfall events that produce more
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than 20 to 25 mm over a 24-hour period are most likely to produce runoff on hill 
slopes (Ldpez Hdmandez 1990). I will provide additional information on the erosive 
effects of rainfall in Chapter 7, which discusses the results of erosion measurements 
that I conducted during the summer of 1996.
2.4 Soils
2.4 .1  Regional
Because of their high organic matter content, soils that develop over volcanic 
ash deposits can be some of the most productive soils in the world, due to the high 
cation exchange capacity of both organic matter and allophane. Given additional time 
and weathering, these soils can result in a complex sequence of soil profile 
development.
The study area is overlain by a wide variety of ash-derived soils. This diversity 
of soil types reflects the combined effects of a highland tropical climate, a highly 
seasonal rainfall pattern, both older and more recent volcanic deposits, and a highly 
varied topography.
Since Guatemala's agricultural ministry has been chronically underfunded, there 
exists no complete soil survey information for the region. Simmons et al. (1971) 
conducted a reconnaissance survey of Guatemalan soils in the 1950s. The unit of 
classification that these authors used was that for the predominant soil series, each of 
which might contain several different soil types. Simmons et al. conducted their 
survey before the modem USDA (1975) and FAO (Brady 1984) classification 
systems were established. They also refrained from placing them into the 
predominant classification systems in use at the time (Stevens 1964). This, combined 
with the generalized nature of a rapid reconnaissance that covered a large area, makes 
it difficult to translate Simmons et al.'s (1971) soil descriptions into their modem 
equivalents.
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According to Stevens (1964), the soils on the steeper, more eroded slopes in the 
region are predominantly Lithosols and Regosols.5 In such areas, removal of 
sediments from upper horizons keeps pace with soil formation, resulting in juvenile 
soils (Entisols), which often lack the strong horizonation found in more mature soils.
Stevens (1964: 306) describes the thicker and more mature soil profiles as 
possibly including "volcanic ash soils of the kind widely distributed in Japan and 
described under the name 'Ando'."6 These ash-derived soils, despite their low base 
nutrient contents, have special properties that make them highly conducive to 
agricultural production under given conditions. Special management is also needed, 
however, to ensure that they remain productive over time.
2 .4 .2  Local
The following discussion of the major soil series of Comalapa and Zaragoza is 
based on those provided by Simmons et al. (1971) for the soil series covering the 
departments of Chimaltenango and SacatepCquez. I derived the geographic extent of 
these soils within the two municipios from a soil survey map provided by these 
authors.
Simmons et al. (1971) divide the soils of Chimaltenango and Sacatepdquez into 
four broad groups: I. Soils of the Volcanic Mountains, II. Soils of the Central 
Plateau, III. Soils of the Pacific Slope, and IV. Miscellaneous Land Categories. 
According to the map, only Groups II and IV cover large enough portions of the two 
municipos to appear at the map's scale of 1:250,000.
The soils of Group II, the soils of the Central Plateau, have developed over 
light-colored (dacitic and rhyolitic) ash deposits (Simmons et al. 1971). They are
5 Since Stevens wrote before the United States Department of Agriculture's modem soil 
classification system (Soil Survey Staff 1975) was established, he used the F.A.O. designation 
then in use. 1 will provide modem equivalents when possible.
6 The term "Ando" comes from a combination of two Japanese words "An" (black) and "do” (soil) 
(Shoji et al. 1993: 2).
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differentiated on the basis of such characteristics as ciass of parent material, depth, 
texture, color, and slope. All have a yellowish brown or reddish brown subsoil.
The first subgroup, subgroup A, consists of deep soils developed over light 
colored volcanic ash, and includes Cauqud (Cq), Guatemala (Gt), Patzicia (Pt), 
Patzitd (Pz), Quichd (Qi), Tecpdn (Tc), and Tolimdn (Tn). They can be differentiated 
based on such characteristics as parent material, depth, texture, color and slope. The 
Cauqud and Tecpdn are the only series from this subgroup that appear in the 
municipios of Comalapa and Zaragoza, according to the map. Table 2.1 provides 
more detailed descriptions of these series. According to information provided in 
Table 2.2, soils in these series have average to high infiltration rates and moisture 
storage capacity, few barriers to root penetration, low to high erosion risk, and 
average to high natural fertility. The Tecpdn series are more likely to be encountered 
on valley floors, while soils in the Cauqud series appear on moderate slopes.
Soil series belonging to subgroup B include Salamd (SI), Zacualpa (Zc), and the 
sloping phase of the Guatemala soil series (Gtp). Only the Zacualpa series and 
sloping phase of the Guatemala series appear on the portion of the map covering 
Comalapa and Zaragoza. In general, these are shallow soils that have developed over 
light colored volcanic ashes, and are characterized by slopes in excess of 10 percent. 
Deep, steep-sided ravines typify the landscape upon which they form. Some areas 
have enough level ground to allow machine cultivation. Simmons et al. (1971), 
however, consider the soils generally useful only for small scale agriculture and 
pasturage. The soil series in subgroup C do not appear on the map area covering 
Comalapa and Zaragoza.
Group IV includes locations classified as Areas Fragosas, or badlands. They 
are rugged, brushy areas that include zones of severely eroded terrain incised by 
gullies and ravines. According to the authors, soils in these locales have little or
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Table 2.1: Major soil series described by Simmons et al. (1971) for the area surrounding Comalapa and Zaragoza.
|  A HORIZON 1 B HORIZON
Serin, UiM f: Internal Average Texture and Average
Suhgsup Symbol Parent Material Relief Drafeage Caiar Texture Thickness Color Consistence Thickness
Cauqud 
II: A C q
Light-colored 
pumiceoug ash
Strongly 
undulating to  sleep Good
Very dark 
brown Friable loam 20-40 cm
Dark
yellowish
brown
Friable clay loam 60-75 cm
Foaquil
II: A FO Limestone
Strongly 
undulating to  steep Good Dark brown
Friable sandy 
loam 15-30 cm
Reddish
brown Friable clay loam 40-60 cm
Tecpin 
II: A Tc
Light-colored 
volcanic ash
Nearly level to  
undulating Good Dark brown
Friable sandy 
loam
30-50 cm Yellowish
brown Friable clay loam 50-100 cm
Guatemala 
(Steep) 
II: B
G lp Light-coloredpwniccoua ash
Steep Good Very dark
brown
Friable loam 30-50 cm Reddishbrown
lig h t grayish
Clay loam 50-100 cm
Zacualpa 
II: B Zc
Light-colored 
volcanic ash
Very sleep. 
Incised by ravines Excessive
Grayish
brown
Loose sandy 
loam
5-20 cm brown to 
grayish 
yellow
Loose sandy loam 30-40 cm
Areas Fragosas 
IV AF No soil descriptions provided by Simmons c l al. (1971) for these areas. Areas ftagasas roughly translates to  badlands in English.
Table 2.2: Important characteristics influencing use categories of the major soil series for the area surrounding 
Comalapa and Zaragoza (Simmons et al. 1971).
M aktm  Barriers to
D e m h u a t Slope Storage Root N atu ra l
Scries Sym bol <%> laflMraUou C apacity G row th E ra a to n R U FeriflMy Special M aaageaaeat P roblem s
Cauqul Cq 10-15% Average Average None High High Erosion control. Organic matter maintenance.
Poaquil Po 10-25% Slow-average High ContainsCalcrete Very' high High Erosion control
T ecpin T c 1-5% Rapid Average None I jOW Average Fertility management
Guatemala G lp 0-27% Slow Very high None Low High Organic matter maintenance
Zacualpa Zc 25-60% Rapid L o r None Very high Average Erosion control
(Badlands) AF No ikc categories provided by Simmons e la l. (1971) for these badlaad areas.
no agricultural use, other than for forest, although there exist small areas suitable 
for pasture and crops.
The soil maps in Simmons et al. (1971) were created at a scale of 1:250,000, 
which is rather coarse for the purposes of this study. Most of the study area lies 
within the Zacualpa and Guatemala steep phase. Simmons et al. do not recommend 
these soils for cultivation, due to the steep inclination of the slopes upon which they 
have formed.
While most of the land in this portion of the two municipios is in steeply 
inclined and broken terrain, some portions of the municipal lands can be found on 
nearly level to gently rolling terrain on ridge tops, and on valley floors. Such is the 
case in portions of Paquixfc, Las Lomas, Los Chilares, and ChirinjuyU, where a 
significant portion of the land is located on valley floors. However, most of the 
farmers that I spoke with farm land that is moderately to steeply inclined. The 
incredibly varied landscapes here on the plateau's edge likewise result in a wide 
variety of micro-environments. As a result, local soils also exhibit great variations. 
However, there are some general patterns that reflect broader topographic patterns, 
which in turn reflect underlying geology. The following categories are based on soil 
profile descriptions made with several farmers from the six villages (Figures 2.5 and 
2.6). I made no attempt to key out the soils that I encountered, nor did I assign 
horizon designations, since that was not my main goal at the time. I have, however, 
attempted to relate these profile descriptions to the soil groups, subgroups and series 
that are provided by Simmons et al. (1971). I have included these authors' published 
diagnostic characteristics for their reconnaissance classification categories.
2.4.2.1 Ridges
Soil profiles on local crests and steep nose ridges are generally underlain by 
glowing ash deposits or welded tuffs (Figure 2.7). As a result, the soils that form
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Figure 2.5: Soil profiles described in Caserfo Pamumus and Aldea Paquixfc, 
Comalapa.
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Figure 2.6: Soil profiles described in Aldeas Las Lomas, Las Colmenas, Caserfo 
Pachitur and Caserfo Chirinjuyu.
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Figure 2.7: Shallow soil covering a welded tuff deposit (Aldea Pachitur).
over them are relatively shallow,7 and usually exhibit only weak horizon 
development (Appendix D. 1.1). These soils range in development from profiles 
that consist mainly of a thin A horizon exhibiting slight accumulations of organic 
matter lying directly over weathered pyroclastic materials (Figure 2.8), to profiles 
with weak to moderate development of A, B, and C horizons (Figure 2.9). Members 
of the latter group of soils have A horizons with texture ranging from a silty clay loam 
to a loam, and B horizon textures ranging from clay loams to sandy clay loams. 
Coloration for A horizons ranges from a dark yellowish brown loam to a very dusky 
reddish brown loam. These soils most closely resemble Simmons et al.'s (1971) 
description for the Tolimdn soil series.
These soils also include some profiles that appear to be Humic Haplustands 
(P3Paq97). The latter profile has a thick (60 cm) melanic epipedon (10YR2/2) with
7 They vary from as little as IS centimeters, to as much as 150 centimeters, from the surface to the 
parent material.
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Figure 2.8: Photo of a poorly developed soil profile (Aldea Paquixic).
Figure 2.9: A Typic Ustand on the flank of Cerro Sarimd, Aldea Paquixfc.
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sandy loam texture, and a dark brown B horizon (34 cm thick) that is a silty clay 
loam. None of the series described for the area by Simmons et al. (1971) very 
closely matches this soil type.
Some of these soils (Appendix D.1.2) have a tepetme or cascajo layer in the 
subsurface. This is a weathered tuffaceous material that occurs naturally in local 
volcanic ash deposits.8 In those locations where this layer occurs near the surface, 
maize plants are stunted because of restricted root growth. Erosion has exposed 
tepetate layers in some locations (Figure 2.10).
2.4.2.3 Broad Ridges and Shelves:
Along some ridges and ridge noses, interbedding of softer sediments between 
welded tuffs result in broad, gently sloping surfaces (Figure 2.6; Appendix D.2). 
Soils on these surfaces (P19LColm97, PlPach97) are deep and fine textured. A 
horizons are thick (over SO cm), fine textured (silty clay loam to silt loam), and have 
dark brown to dark reddish brown coloration. Subsoil horizons are also deep, exhibit 
clay to clay loam texture, and have yellowish red to dark reddish brown coloration.
2.4.2.2 Slopes:
Soil profiles on backslopes (Appendix D.3) are generally deeper than those on 
the crests of ridges, or on the steep convex slopes associated with nose ridges. They 
also exhibit weak to moderate horizon development, with a greater development of 
red coloration in the subsurface horizons. A horizon thicknesses range from IS cm to 
40*00, while B horizon thicknesses may exceed 100 cm. Texture ranges from loams 
to silty loams in the A horizon, and from clay loams to silty clay loams in the B 
horizon. Topsoil horizons have coloration (dry) ranging from dark yellowish brown 
to dark brown, while subsoil horizons have coloration that ranges from yellowish red
8 Tepetate comes from the Nahuall terms pctl (rock) and petatl (mat) (Nirnlos and Ortiz-Solorio 
1967; Wilken 1967). The term was probably brought to Guatemala by Mexican troops who 
accompanied the Spaniards during the Conquest
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Figure 2.10: Exposed tepetate (cascajo).
to dark reddish brown and dark brown. These soils most closely resemble Simmons 
et al.'s (1971) Guatemala series. They correlate most closely with the Guatemala soil 
series described by Simmons et al. (1971: see Table 2.1).
Another profile occurring on this type of surface (P14Paq97) is a multisequum 
(Shoji et al. 1993) volcanic ash-derived soil. Two sandy-textured volcanic ash layers 
are visible in the profile (Figure 2.11). This soil has a weakly developed A horizon 
that is a strong brown sandy loam developed on a 20 cm thick ash deposit that has a 
pinkish gray coloration and a loamy sand texture. Below this is a reddish brown 
sandy silt above another 30 cm thick volcanic sand layer that has pink coloration. 
The base layer is a dark reddish brown clay loam with coarse prismatic structure.
2.4.2.4 Small Basins:
Local ridges are incised by a number of intermittent first order streams. These 
streams normally only flow during the the rainy season.
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Figure 2.11: Muldsequum profile (P14Paq97) on the road below the Catholic 
Church in Aldea Paquixfc.
In the steeper portions of these small watersheds, slope gradients often reach 
36%, or greater. When the underlying lithology changes, their slope gradients level 
out to form small valleys that have much gentler slope gradients that are usually 10- 
12% or less.
In general, these are deep soils with moderate to strong horizonation, and some 
appear to have developed true B horizons (Appendix D.4.1). On the upper portions 
of the slopes (P2Chir97, PlLColm97, P2Pach97), gradients are moderately steep 
(36-38%). A horizons range from 30 cm to 31 cm in thickness, have colors that 
range from a dark yellowish brown to brown (dry), with textures ranging from a 
loam to a silty clay loam. B horizons for these profiles are over 100 cm thick, with 
coloration ranging from a strong brown to a dark red. Texture is a clay loam. The
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Las Colmenas soil has developed over a sandy-textnred volcanic ash deposit that was 
reached at 130 cm. These soils most closely resemble Simmons et al.'s Guatemala, 
steep phase.
Downslope from P2Chir97 is a truncated soil profile that has a sandy loam 
surficial texture, with a dark yellowish red clay in the 6  horizon. This material 
proved difficult to penetrate below a depth of 85 cm with the bucket auger.
In some locations, slope levels off where softer materials overlie harder ones, to 
form small "hanging valleys". In such places, intermittent streams form small 
waterfalls during the rainy season. A good example of a permanent stream where this 
occurs is the Rfachuelo Chubixac, which drains into the Rfo Pichiquiej (Figure 2.2). 
One of the profiles in this group, PlPam97, lies in a small dale within a first-order 
watershed that drains into the Rfachuelo Chubixac. The Pachitur watershed in which 
I conducted the 137Cs erosional study is another example (Figure 7.21). While 
sediments move out of these small basins, they are often also sites of local sediment 
deposition. One of these profiles, PlPam97, appears to be multisequum, and 
contains a thick (95 cm) C horizon made up of light-colored volcanic materials 
deposited on a darker colored horizon that has a clay loam texture (Appendix D.4.2). 
The A horizon is a yellowish brown silt loam, and the B horizon is subdivided into 
three subhorizons that coarsen slightly, and lose color, with depth. PlPaq97 has 
weakly developed horizonation, consisting of a thick umbric A horizon developed 
over a weak Bw horizon, and has developed from a thick ash deposit deposited on 
top of a darker colored (dark brown), finer textured (sandy clay loam) buried soil 
horizon.
Near the thalwegs (valley bottoms) of these small watersheds, and at breaks in 
slope, the water table can often be found within two meters of the soil surface 
(Appendix D.4.3). Described profiles P3Pach97 and P16Paq97 have thick A
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horizons (33 cm to 50 cm) that have brown to veiy dark brown coloration. The 
topsoil horizons also have heavy textures (clay loams to silt loams). B horizons are 
thick, with fine textures and coloration ranging from a yellowish red to a dusky red. 
The water table was encountered at 185 cm in the former, and at slightly over 1 meter 
in the latter profile.
The soil described at site F6LColm97 has a very thin A horizon. Meanwhile the 
B horizon at this location is thick and heavy textured (clay to silty clay loam), and 
exhibits strong redoximorphic properties, which include gray and reddish mottling. 
The water table was encountered at 45 cm depth. The soil has developed on top of a 
volcanic ash. The parent material is encountered at a depth of between 125 and 140 
cm.
2.4.2.5 Footslopes:
Soils that have developed on foot slopes are thicker than soils found farther 
upslope, except in locations where ash has been deposited over previously formed 
soil profiles, as is the case for profile P2Paq97 (Appendix D.5). Slopes are 
intermediate between backslopes and toeslopes, ranging from 20% to as much as 
32%, depending on their position on the footslope. A horizons range from relatively 
thin (P2Paq97: 18 cm) to very thick (P2Pam97: 82cm), with coloration ranging 
from yellowish red to very dark brown, and textures ranging from clay loams to a 
loam. B horizons are thick (70 cm to over 150 cm), range from yellowish red to 
a dusky red coloration.
2.4.2.6 Valley Flwrs;
The main valley floors of Aldeas Paquixfc and Las Lomas-Chirinjuyu are larger 
versions of the small dales and hanging valleys that were described earlier, while 
Aldea Las Colmenas contains several smaller valleys that are intermediate in size.
Soils here are the most sought after, since they have relatively gentle slope gradients
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(although none are actually level), and are generally considered good for growing 
crops ranging from flowers, to vegetables, to milpa. In lower spots, water is never 
far below the surface, and soils retain moisture within a few centimeters of the surface 
well into the dry season. As a result, farmers can plant before the first rains in May.
These soils are deep (over 200 cm), generally have thick (50 cm to 80 cm) A 
horizons with dark (brown to dark reddish brown) coloration, and loamy textures 
(Appendix D.6). B horizons range from clay loams in the Chirinjuyu and Las 
Colmenas profiles, to silt loams in the Las Lomas and Paquixfc profiles. All but the 
Paquixfc profile, which was sampled from a road cut, were moist in their subsurface 
layers. The Chirinjuyu profile was moist to the surface in March, near the end of the 
dry season. The Las Lomas profile also exhibits redoximorphhic features at depth.
2.5  Forest Resources
2 .5 .1  Flora
The region's volcanic soils and climatic regime both affect the types of 
natural vegetation that can be found here. The cooler temperatures that can be found 
in the Tierra Frta. zone result in vastly different plant associations than occur on the 
Caribbean and Pacific coasts and piedmonts. The use of the term "natural" to 
describe local non-cultivated plant associations is probably a misnomer. The volcanic 
highlands have been populated since well before the Spanish Conquistadors arrived in 
1524. Indigenous populations collapsed after that date due to the ravages of warfare, 
disease, and the rigors of indentured labor, and did not recover until well into the 
eighteenth century. This depopulation led to the recovery of non-cultivated vegetation 
in many parts of Guatemala, the Southwestern Highlands notwithstanding (Lutz 
1976). It is safe to say, however, that most vegetation associations in Guatemala bear 
the stamp of human modification. This is especially true in the modem Southwestern 
Highlands. Keeping this qualifier in mind, the following section presents a general
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description of the vegetation and crop associations that can be found in the area, 
according to regional descriptions of Chimaltenango and the Southwestern 
Highlands as a whole.
The natural vegetation of the region is dominated by pine and juniper forests that 
are mixed with hardwoods in various locales (Standley 1941,1949; M6ndez 
Dominguez 1967; Veblen 1976). Dominant coniferous species in the vicinity of 
Zaragoza and Comalapa include five species of pine, and the Guatemalan Cypress 
(M6ndez Dominguez 1967; Standley 1949).
Broad-leaf hardwoods in the area include various species of Oak, Alder,
Willow, Elderberry, and the Box-elder. In some areas, neither pines nor Oaks are 
predominant species, and localized, endemic species can often be found (Standley 
1941). This Mixed Upland Forest is found mostly along streams, or on barranco 
slopes below the proper Pine forest (Standley 1941).
While local forests have experienced major human modifications, especially in 
recent years, large patches of forest are not uncommon in places. In the more broken 
terrain occurring near the edges of the plateau, entire hillsides and ravine slopes are 
still dominated by woodland and/or forest, albeit somewhat modified by locals.
Locals use forest resources for many purposes, as demonstrated in Tables 2.3 
and 2.4 (Standley and Steyermark 1949-1958). Pinewood provides lumber for use in 
constructing houses, by providing supports for walls and roofs. They also collect 
ocotes from local forests by notching trees. Sap flows into the wound as it begins to 
heal. This sap-saturated wood makes excellent kindling, and can also be used for 
torches, although many locals now carry flashlights when moving about in the dark. 
Denser woods, such as oakwoods and cypresswood, can be used for tool handles. 
Many locals still use carts for a variety of purposes, and use the hardwoods to build 
major parts, including axles and cart wheels.
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Comalapa has several small combination lumber mill-cum-hardware shops tint 
cut and shape wood for construction purposes, and for furniture-making. According 
to conversations with residents, most of these wood products come bom local 
forests. Ethnographic notes taken during fieldwork indicate that locals often also use 
local forests and woodlands for various other purposes, including livestock foraging, 
the gathering of firewood for cooking, and the gathering of various forest resources 
for medicinal purposes or for condiments. For example, a large local species of 
mushroom, called El Hongo de San Juan (Saint John's Mushroom) because it can be 
found in local forests during the weeks leading up to San Juan Comalapa's titular 
saint's festival, is a local delicacy. I have observed farmers, their wives, and their 
children scanning the local woods searching for the prized fungi, which they use to 
add flavor to their meals, or to sell at local markets for extra cash.
Table 2.3: Species of conifers and oaks found locally (Standley and Steyermark 
1952, 1958).
Fam ily
Pinaceae
Fagaccae
G en as an d  Spedes C om m oa N am e Local Urn*
Pima tpp. The pines. Spanish: Kindling slivers: lum ber pine needles used
Pino. in  religious functions and celebrations, 
an d  for
P. monuzumae Pino, Pino Colorado, Pino de: adornm ent; needles also used as
ocole reinforcem ent for adobe bricks.
P. pseudostrobus Pino, pino de ocote, Chaj T his pine species supplies m ost o f the 
lum ber used in the region.
P. oocarpa Pino, Pino de ocote, pino 
bianco.
Cupreous lusitanica The Guatemalan Cypress. Lumber, ornamental plantings, sounding
Spanish: Ciptds. boards fo r mandolins and guitars, fiesta 
decorations.
Quercus spp. The beech fam ily, 
specifically the oaks.
O ak  is the favorite fuel in Guatemala.
Q. acaienangemis Encino, Sunuj, Masket. O ak sap also used for tanning leather, and
Q. Benlhami fo r obtaining a  brown dye fo r dyeing
Q. brachystackys cotton.
Q. conspersa E n a  no, RoMe. O ak  sap used as mouth w ash for
Q. crispipilis. Ma'acb (Huehue) aUeviating toothache.
Q. crispipilis var. Encino. M asket around O ak  ashes are often used fo r  lye in  soap-
pannosigolia. X ela making.
Q.pilicaulis. Encino, M asket Around Quezaltcnango, oak  leaves are
Q. segoviensis Encino used as an  organic
Q. Skinneri C hichano, Encino dressing on fields.
Q. Tristis RoMe, Encino, Encino de  la 
herradura.
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Table 2.4: Common tree species found in the Mixed Upland Forest association 
(Standley and Steyermarck 1949).
Family G enus a n d  Speclca C om m on N am e
Ilex Manzanito
Olmediella Betschleriana manzanote, manzana, Roble de
montaila
Roupala borealis Zoritto
Heliocarpus Mozote. Cajete
Oreopanax xalapense Mono de leonjtigre
Arbutus xalapensis Madrono, mazorco, matagente
Garrya laurifolia Palo de Hueso
Slyrax spp. None given by authors
Cletkra spp. Zapotiilo
Vemonia: V. canescens V. Caratillo
deppeana Suquinay
V. leiocarpa Q'an ca'ax. suquinay
V. mollis Semem, sukinay None given
V. standley i
Podacbaenium eminens Sacapoc; Tatascamite
Chiranthotlendron pentadactylon Mano de Ledn. Mono de mico.
Arbol de las manitas
Chaetoptelea mexicana Duraaiillo
Ostrya virginiana var. Duraznillo. Aliso, Aliso bianco
guatemalensis
Abuts: A.arguta Aliso, llamo. Lemop
A.ferruginea
Phoebe satvini Nooe given by authors
Nectandra sinuata canoj
Promts: P. Cerasus Sour cherry
P. domestica Ciruelo, plum
P. guatemalensis None given Dutazno
P. Persica None given C aneto ,
P. rhamnoides C arretero
P.Salasii
Piscidia grandifolia None given
Spondias purpurea Jocote
Euphorbia cotinifolia M ala hierba
Sambucus mexicana Sauco
Folk U w
None given by authors 
A favorite park ornam ental o f the 
central region, due to  its holly-like 
None given by authors 
Bark mucilage sometimes used to 
clarify syrup
Frequently planted as park 
ornamentals, because o f unusual 
fruit, which have paw-like 
None given by authors 
None given by authors 
None given by authors 
None given by authors 
V. leiocarpa said to  be used as a  
home remedy for asthm a in El 
Salvador. No uses given by authors 
for other species.
Nooe given by authors
Flowers have hand-like appearance. 
Leaves used to  cover o r w rap food. 
Infusion of flowers used in  treating 
chronic ulcers, ophthalm ia, and 
W ood hard, heavy, tough and strong. 
Used in Salvador fo r railroad ties, 
cart axles, beds, and  cart wheels. 
W ood used for railroad ties, tool 
handles, and fuel.
Used to  obtain a  brow n dye for cotton 
and other textiles; firewood. Leaves 
recommended as a  green m anure by 
som e NGO promoters 
Nooe given by authors 
Yields a  yellow dye 
Eaten in abundance by locals 
Asian variety, locally grown None 
given Grown locally,
eaten green Pollarded tree in 
hedgerows Used as shade for coffee
Frequent in coffee plantations around 
Antigua.
Hog plum in English. M ore jocotes 
eaten than any other fruit. O ften  sold 
in Com alapa m ark e t Ashes 
sometimes used for soap-making.
Used in hedgerows. Milky sap 
causes Misters and inflam m ation of 
the skin. Used for living fenceposts. 
Said to  be im portant source o f honey, 
blooming when o ther flowers are  
scarce, and provides a  yellow hooey 
Local fanners know no use for it, but 
W ilken (1987: 61) m entions farm ers 
near Ostuncalco use leaves fo r a  
surface dressing.
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2 .52  Fauna
According to Stuart (1964), the volcanic highlands of Guatemala belong to a 
major biotic province that includes a region comprising the highlands of both 
Guatemala and Chiapas. The fauna is largely Nearctic in character, meaning that it 
contains many genera that can be found in the highland regions of Mexico, the United 
States, and Canada. It also apparently contains a smaller element that is highly 
endemic and more Neotropical in character.
As with the forest vegetation, animal species in the region have been heavily 
impacted by human actions. Most larger animal species are rarely seen in the forest 
fragments surrounding the villages. Discussions with residents indicate that over­
hunting has thinned the ranks of many animals such as deer, foxes and various 
wildcat species.
According to residents in the Zaragozan aldea of Las Colmenas, many animal 
species can be found in the deep ravines that dissect the plateau surface. I also 
noticed several animal skins drying on the roofs of one local resident's outbuildings. 
According to one informant, many locals pursue game in the woods and ravines 
surrounding the community. Among the animals that are still seen (and hunted) in the 
vicinity of Aldea Las Colmenas are badgers, squirrels, raccoons, opossums, foxes, 
armadillos, rabbits, coyotes, ocelots, jaguarundis, deer, pacas, and skunks. Birds 
that he mentioned included wild pigeons, mourning doves, sparrow hawks, owls, 
and woodpeckers. All but the ocelots and jaguarundi, which are Neotropical species, 
are Nearctic species.
Although some locals may make use of wild animal resources, it is not certain to 
what extent wild animal resources play a role in the local economy. Their current role 
is probably a minor one. Moreover, it is not a major concern for the present study, 
and will not receive further treatment in this text
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2 .6  Summary
This is the setting in which local fanners ply their chosen trade of agriculture. It 
provides many challenges in the form of volcanic eruptions, earthquakes, intensive 
rainstorms, and killer frosts. It also provides opportunities in the following forms: 
potentially productive ash-derived soils, numerous micro climates that allow for crop 
diversity, and forest remnants and woodlands that provide plant reserves for local 
uses.
These are the resources that the modem Kaqchikel and their ancestors have been 
using for the past four millennia. The ladinos of Zaragoza are more recent arrivals, 
yet their ancestors have farmed in the area for over two centuries. As a result, both 
groups have acquired extensive knowledge on local resources, and on how to manage 
them. Local knowledge and management systems among these two ethnic groups are 
the topic of the next few chapters. Chapter Three discusses the local and regional 
human environment, including regional and local history, local demographics, and 
concludes with present and past agricultural systems.
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P H iP T V D  1
HUMAN ENVIRONMENT
3.1 Introduction
The Kaqchikels and their ancestors have resided in the Guatemalan Highlands 
for nearly four millennia. The Highlands and their inhabitants have seen the influx of 
several invading groups. All of these groups, including the Spaniards, left their 
cultural imprints on the local populations. According to McKenna Brown (1998:48), 
the Kaqchikel's central location exposed them to "more intense and turbulent 
exposure to foreign incursions than most other Highland Maya groups." Because of 
this exposure, many Mayan practices, including that of milpa agriculture, are held in 
common with other Mesoamerican groups (Tax 1963; McKenna Brown 1998).
The Spanish Conquest has had the most recent, and perhaps most profound, 
effects on Kaqchikel culture. Again, because of their central location, the Kaqchikels 
were probably the most affected of the Mayan groups (McKenna Brown 1998). Yet, 
despite nearly 500 years of attempts to "Hispanicize” them, they still have held on to 
many traditions, while incorporating others into their culture. Although the Spanish 
and their creole and ladino descendants have not been entirely successful at bringing 
the Maya to their way of thinking, their continual assaults on the land and life of the 
Highland residents have had important effects in other ways. Most notable are the 
effects these incursions have had on land tenure, work arrangements, and interactions 
with outsiders.
The ladino residents of Zaragoza, on the other hand, are the descendants of 
Spanish settlers who arranged to obtain land from local Kaqchikels during the early 
eighteenth century. Although many residents still have the light complexion and blue 
or green eyes that bespeak a European heritage, others are of mixed race, especially 
in the outlying villages and hamlets. Although the early residents predominantly 
raised livestock and grew wheat, like their Iberian ancestors, over time maize
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became the dominant item of their subsistence base (Mendez Dominguez 1969).
Thus, many Zaragozan ladinos, like their Mayan neighbors in surrounding 
municipios, practice subsistence agriculture based on the milpa system.
3.2 Regional History
3 .2 .1  Pre-Conquest
The earliest Nahuatl ancestors of the Maya had settled beside lakes and rivers 
across Mesoamerica by 2500 BC (Coe 1993). These peoples were descended 
from hunter-gatherers who had been forced to adapt to changing climatic 
conditions, following the end of the last Ice Age.
The first civilization to influence the Guatemalan Highlands was the Izapa 
culture, which was based near present-day Tapachula, Chiapas (250 BC to 250 AD). 
Izapan influence reached throughout much of Guatemala's Pacific piedmont up to 
Kaminaljuyil, near the outskirts of present-day Guatemala City. During the Late 
Preclassic, Kaminaljuyil, which lies within present-day Kaqchikel territory (McKenna 
Brown 1998), began to rival Izapa as a center of Izapan culture (Coe 1993).
After Kaminaljuyil's influence collapsed, a group of Mexicans from 
Teotihuacdn invaded the region around 400 AD. They set themselves up as an elite 
class of outsiders ruling over the Maya populace. However, rather than wholly 
impose their culture on their subjects, these intruders also absorbed much of the local 
culture. This led to the development of what is known as the Esperanza culture, 
which left its imprint on Kaminaljuyil in the form of an architectural style that 
reflected that of its mother city, Teotihuacdn (Coe 1993). This central Mexican 
hegemony in the Guatemalan Highlands continued until Teotihuacdn's collapse 
around AD 600.
Following the collapse of Teotihuacdn, a Nahuatl-speaking group known as the 
Pipil-Nicaros entered the region from Mexico's Gulf Coast region. Their civilization
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centered on the site of present-day Santa Lucfa Cotzumalhuapa, in a region known for 
its cacao production. The Pipils controlled large portions of Northern Central 
America by the Late Classic (700-1000 AD), and their armed incursions into the 
Guatemalan Highlands marked the shift of settlement patterns from open valleys to 
protected hilltop locations (Lutz 1976; Coe 1993).
The last Mesoamerican group to invade the region before the Spanish arrived 
were descendants of Toltec warriors who migrated into the area following the collapse 
of Chichen Itza and Tula. They were known as the K'iche' (Fox 1978). These 
newest arrivals intermarried with locals, and adopted local languages as their own.
During the first half of the fourteenth century, K'iche1 groups began to expand 
their territories, while the regional groups began to do the same. The K’iche' first 
subjugated their Maya neighbors, including the Kaqchikel, Rabinal, Akahal, Agaab, 
Aguacatec, Uspantec, Northern Mam, and the Ixil. They then began to conquer the 
Highlands and Pacific piedmont. At the height of their reign, the K'iche' controlled 
much of present-day Guatemala from Soconusco in the southwest, to the northern 
Alta Verapaz, with some 1,000,000 subjects (Carmack 1968).
Such a large territory proved difficult to control, and several subject groups, 
including the Kaqchikel, Rabinal, and Aguacatec, revolted. These rebel groups 
founded rival states, and the most powerful of these adversaries, including the 
Kaqchikel, began to challenge the K'iche' for dominance of the Highlands (Recinos 
and Goetz 1953). The Kaqchikel, in particular, were on the ascendancy when the 
Spanish arrived (Fox 1978).
3 .2 .2  The Conquest
Shortly before the conquest of the Aztec empire, a message was sent to the 
Guatemalans asking for assistance in the expulsion of the Spanish invaders from 
Central Mexico (MacLeod 1973). Instead, the Kaqchikels sent emissaries to ask
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Cortfs for aid in their struggles against their neighbors, which included the K'iche', 
the Tz'utujil, and the Pipil.
Once the Spaniards had ensured the fall of the Aztecs, Cortfs sent his lieutenant, 
Pedro de Alvarado, to conquer Guatemala. Alvarado met fierce resistance from the 
K'iche and Tz'utujils. With the aid of Tlaxcalan soldiers, bolstered by troops and 
supplies sent by the Kaqchikels, Alvarado vanquished these groups, and later 
conquered the Pipits. His task would have been much more difficult without the aid 
of his Kaqchikel allies, yet Alvarado repaid this assistance by imposing heavy tributes 
(McKenna Brown 1998; Recinos and Goetz 19S3). The Kaqchikels responded to 
Alvarado's cruel treatment by taking up arms in a protracted rebellion that lasted for 
four years (Lovell 1988; Recinos and Goetz 19S3).
In the end, the Spaniards prevailed, but only after the native populace had 
suffered months of death and privation, along with the loss of their homes, and of 
their capital city. The Spaniards then set about the task of establishing colonial rule. 
The conquerors' first order of the day was to establish their capital in Almolonga, at 
the foot of Volcdn Agua. They also established a new city, Tecpdn-Guatemala, 
near the site of the former Kaqchikel capital, Ixim che'. Catholic missionaries 
aided in the establishment of additional settlements such as Solold, Chimaltenango, 
Comalapa, and Sacatepfquez.
3.2.3 The Colonial Era
3.2.3.1 The Mavan Experience
Post-Conquest Guatemala was marked by several major changes in the cultural, 
demographic, socio-political, and socio-economic makeup of its population. These 
changes were brought about by several events that took place during the colonial 
period, which set the stage for later events that took place after independence (Berger 
1992; Lovell 1988).
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First, the main part of Guatemala's colonial period was punctuated by 
devastating epidemics that seriously reduced the native population. Lovell (1988) 
mentions that several epidemic outbreaks immediately preceding, and following, 
Alvarado's arrival seriously diminished native ability to resist his forces. The Maya 
population declined precipitously for several decades after the initial conquest, and did 
not begin to recover until sometime in the latter part of the sixteenth century (Lovell 
1988; MacLeod 1983). Nearly four centuries passed before the native population 
fully recovered from the effects of this large-scale demographic collapse (Lovell 
1988).
Second, the Spanish overlords immediately began setting up a series of 
institutions designed to bring about Maya submission to imperial designs. They 
began this process by founding towns and villages. This policy was known as the 
Congregacidn. During the period of the Congregation, thousands of native families 
were coerced from their dispersed communities in the mountains into new settlements 
that were built around churches. They were also located on valley floors, if the local 
terrain allowed iL This policy had two immediate goals: 1) it facilitated conversion of 
the strongly paganistic Maya to the Christian faith, and 2) it created centralized pools 
of labor.
In general, the early conquerors and colonists were more interested in 
mobilizing large pools of labor, than in controlling land resources (Lovell 1988). 
During the first decades of conquest, the additional institutions of ecomienda and 
repartimiemo ensured that certain privileged Spaniards received tributes of goods and 
services from native communities. However, the exploitation of native labor proved 
to be an inconsistent source of wealth for the recipients. As a result, many 
Spaniards eventually turned to land as an alternate means of enrichment. In 1591, 
the Spanish Crown instituted legislation known as the composicidn de tierras,
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which was designed to raise funds for an insolvent treasury through the sale of land 
previously claimed by the Crown throughout Spanish America. During the 
seventeenth century, new institutions such as the establishment of rural estates slowly 
replaced the ecomienda and repartimiento. Such strategies were triggered in part by 
the dramatic decline of the indigenous labor pool that had occurred during the first 
half of the 16th century.
Lovell (1988) writes that the Spaniards were not drawn equally to all parts of 
Guatemala. They generally preferred the rich cacao-growing areas of the Pacific 
Coast and the temperate areas to the south and east of Santiago, where they could 
grow indigo or raise cattle. The remoteness and comparative inaccessibility of the 
Highlands, or tierra fria  (cold lands), to the north and west protected them from 
heavy incursions by their colonizers. Due to fewer perceived economic opportunities, 
fewer Spaniards were drawn to these regions. As a result, Maya communities in the 
northwest Highlands experienced less pressure to acculturate than did those to the 
south and east of Santiago. The latter areas experienced more cultural and biological 
assimilation, and created a mixed, or ladino population. Communities in the western 
Highlands, on the other hand, were able to hold off the process of mixing, and hold 
on to their lands. Thus, they were able to maintain Maya principles of community 
organization. Perhaps most importantly, they managed to sustain a strong communal 
sense of place.
The Highland Mayan communities never were so completely ignored by the 
greater Guatemalan society that they nurtured the grounds for a general insurrection 
similar to those which periodically occurred in the Yucatdn, although several minor 
uprisings did occur at the local level (Lovell 1988). Rather, the Indians effectively 
nurtured cultural resistance by keeping alive many of their long-established 
traditions. This did not entail a whole-scale return to pre-Conquest lifeways, as
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some have suggested, since such was an impossible task in the face of Spanish 
hegemony at the time. Instead, emerging Maya society was a creative mix of 
Hispanic culture that contained elements of pre-Conquest culture. Eric Wolf 
(1957) called the 20th century manifestations of this fusion of old and new "closed 
corporate peasant communities." In this system, many Highland Maya identified 
more with a particular community, than with a larger cultural group. These 
communities evolved as a means of ensuring communal control over land, and as 
a way to maintain control over community membership, sustain a religious system, 
destroy or redistribute surplus wealth, and minimize the influx of goods and ideas 
that were produced outside the immediate community (Wolf 1957).
According to Lovell (1988), however, this cultural refuge into which the Maya 
retreated may have been much more open and heterogeneous than Wolfs thesis 
implied. McKenna Brown (1998:51), for instance, mentions that Kaqchikel towns 
such as San Antonio Aguas Calientes1 and Comalapa were "quickly pulled into the 
economic orbit of the new colonial economy." Also, many native fanners often 
returned to their ancestral homes in the mountains to plant milpa, and Lovell (1988:
33) maintains that this "bond between displaced Indian families and their ancestral 
lands did much to sabotage the operation of congregacidn." This unauthorized return 
to old home sites also had a more practical purpose. Those Indians who did so were 
less susceptible to being exploited than they were while residing in the immediate 
vicinity of Hispanic-dominated towns.
Lovell also questions the "corporate" nature of Maya communities. He argues 
that Mesoamerican society on the eve of the Conquest was clearly stratified, and that 
evidence indicates that this stratification persisted until well into the Colonial period.
1 San Antonio Aguas Calientes was established as a result of the reduction of at least five different 
linguistic groups, but developed an identity that is distinctly Kaqchikel (Annis 1987; Lutz 1994; 
McKenna Brown 1998)
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Also, patrilineal clans or localized kin groups known as parcialidades tended to 
maintain separate identities rather than merging to form a corporate body. As a result, 
many of the congregaciones were not homogeneous, but "mosaics of discrete social 
groups" that coexisted, but did not always cooperate with one another (Lovell 1988:
34).
3.2.3.2 The 1 -nriino Experience
In late Colonial Guatemala, the term ladino had a similar connotation to the more 
commonly used casta, and referred to anyone who was not Indian but was not 
evidently white. Over the course of the nineteenth century, however, the term ladino 
lost its connection to genetic or racial affiliation to become a term for anyone, 
regardless of ancestry, who demonstrated characteristics associated with "European" 
or "national" culture, such as speaking Spanish and wearing non-Indian clothing 
(McCreery 1994).
During most of the Colonial period, the indigenous population dominated the 
western Highlands and isolated portions of upper Veracruz. Non-Indians, including 
ladinos, or castas, tended to dominate the lowlands to the south and east of the 
capital. Although the Spaniards' and creoles' treatment of Mayan communities at the 
time was appalling, the ladinos' situation was at times even more precarious. Despite 
all of the humiliations and indignities that were suffered by the Mayan communities, 
the Maya still managed to maintain most of their rights to community lands.
However, due to creoles' resistance to granting legal status to mixed-blood 
settlements, and due as well to the generally impoverished conditions in which they 
lived, ladinos were often forced to either rent property, or to illegally squat on state or 
private property. This ensured that the situation of most rural ladinos in Guatemala 
during the Colonial period "remained one of poverty, oppression, and insecurity" 
(McCreery 1994: 37).
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However, ladinos apparently did manage to acquire Indian lands through 
intimidation or superior knowledge of Spanish legal systems. Others worked as inn 
keepers, middle-men in trade relations between Indian villages and the capital, or in 
various trades (McCreery 1994).
In the western Highlands, Spanish and ladino intrusions remained minimal 
throughout much of the Colonial era, although McCreery (1994) notes that pockets of 
Spanish and ladino activity did exist There were a few haciendas in the region 
whose activities tended to provoke constant conflict with their Indian neighbors, due 
to competition for wheat markets, and to disagreements over land, wages, and 
working conditions. Ladino squatters and small holders also lived in a handful of 
m iles 2 that were intermixed among Highland Indian towns. Apparently, the people 
who lived in these settlements existed at a material level that was little different from 
that of Indian communities, mainly due to their insecure legal status (McCreery 
1994).
3 .2 .4  Post-In dependence to 1954
3.2.4.1 Eariv Period (1821-18713
The first half-century after Guatemalan independence was a transitional period 
that was marked by a power struggle between the Conservatives, who wanted to 
preserve the colonial status quo, and the Liberals, who wanted to establish a new 
social and economic order through promoting capitalist links with the greater world. 
From the perspective of its impacts on Maya society, Conservatism was held to 
represent a continuation of the culture of refuge, while Liberalism signified "Indian 
assimilation into a modem, outward-looking ladino state" (Lovell 1988: 37). Despite 
several abortive Liberal attempts to form a United Provinces of Central America 
between 1823 and 1839, Guatemala was governed by a series of Conservative
2 According to McCreery (1994), a valle was the term for an unofficial, and often illegal, settlement 
populated by ladinos and mulattoes during the Colonial period.
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regimes, the most notable of which was that of the peasant populist Jos6 Rafael 
Carrera.
3.2.4.2 Renewed Assaults on Highland Communities
In 1871, the Liberals returned to power, led by Justo Rufino Barrios. Barrios 
soon initiated a series of Liberal Reforms that essentially deprived the Maya of many 
of their community lands. These "reforms" also extracted labor in a much more 
intrusive way than the Maya had ever experienced during the Colonial period. The 
assault began with governmental decrees that called for communal land to be 
subdivided among community members, who would then ostensibly apply for private 
titles to individual parcels. Because of the somewhat isolated nature of the majority of 
the communities' inhabitants, however, many neither heard, nor did they completely 
understand, the governmental proclamations. The result was that many creoles and 
ladinos who understood the system much better than local farmers managed to obtain 
title to extensive tracts of land that had formerly belonged to the Indians. This 
acquisition was fueled by increasing pressures to obtain land for cultivating coffee, 
which emerged during the latter half of the 19th century as Guatemala's principal 
export crop.
This development of coffee as a major source of market income led to the 
second major attack by the government on Highland Mayan communities. This 
assault came in the form of laws that were instituted with the purpose of ensuring a 
steady supply of labor for the large coffee plantations during the crucial harvest 
months. The first such law, which was authorized by Barrios in 1876, was known 
as the mandamiento. The mandamiento essentially coerced Maya men to work on 
piedmont plantations. Over time, debt peonage replaced the mandamiento. Finally, 
in 1934 a vagrancy law was instituted. This law required that individuals holding less 
than 25 cueidas (6.9 acres) must work at least 100 days on the coffee fincas. Anyone
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who owned less than 10 cuerdas (2.8 acres) was required to work at least ISO days 
on the fincas.3
These actions had profound effects on the stability and structure of many 
Highland communities. Cumulatively, the events they set in motion served to 
exacerbate ongoing processes of social differentiation, and to accelerate the 
breakdown of the protective structures of the corporate systems that had served to 
insulate many Highland communities from external pressures before that time (Lovell 
1988).
After the 1930s, the need for coerced labor diminished as an explosive 
population growth, fueled by the introduction of vaccines and antibiotics, forced 
many Highland residents to actively seek work outside their home communities 
(Lovell 1988; McKenna Brown 1998). This situation has been exacerbated by the 
effects of the earlier expropriations of Indian lands. Thus, by the latter half of the 
20th century, the events of the late 19th and early 20th centuries led to a situation in 
which 2% of all landowners owned 72% of the total cultivated land in Guatemala. 
Meanwhile, another 87% of farm units accounted for only 19% of the total (Lovell 
1988).
3.2.4.3 The Ladinos Come into Their Own in Guatemalan Society
After independence from Spain, the ladinos' situation compared to the rest of 
the Guatemalan population began to change. In the 1820s and 1830s, several laws 
now provided full membership for ladinos in mixed-race towns and town 
governments. These actions, combined with Liberal governments' strong belief that 
private property was more efficient than communal ownership, resulted in ladinos' 
acquiring property in the western Highlands at the expense of local Indian
3 The version of the term cuerda used herein is a land area measurement used in Guatemala. One 
cuerda is a unit of land measuring 40 varas x 40 varas (33.4 m x 33.4 m). One hectare equals 
approximately 8.% cuerdas.
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communities (McCreery 1994). During the cochineal boom that occurred in the early 
nineteenth century, many ladinos gained additional access to Indian ejido lands, 
which the Government considered open to all legal residents of the communities.
It was during the coffee boom of the latter nineteenth century, however, that the 
ladinos fully came into their own as a part of Guatemalan society. Early during the 
boom, ladinos often served as habilitadores who helped to secure Indian labor for the 
large coffee fincas in the piedmont. They often secured their labor force through 
lending money for fiesta expenses or for com during times when supplies were short. 
This kept many Indians in a constant state of debt As a result of such practices, 
many ladino habilitadores and their assistants invested the wealth acquired through 
this manner in the purchase of lands made available as many Indians caught up in this 
vicious cycle lost their property through foreclosure (McCreery 1994).
Many of the old colonial valles also obtained the status of towns during the 
nineteenth century. Due to earlier limitations on land ownership by ladinos, the valles 
were also short on this resource. According to McCreery (1994:262), after 1871 
they "became increasingly aggressive and successful in seeking [land]." Also, those 
ladinos who had lived in predominantly Indian towns for centuries became more 
numerous during the coffee boom, and began pressuring the government for so-called 
"dual government" in Indian towns. Under this system, the ladino and Indian 
populations shared municipal office, which generally meant a ladino in the position of 
first alcalde, even in many predominantly Indian towns.
However, not all ladinos improved their status during the late nineteenth and 
early twentieth centuries. The ladino poor were also swept up by the vagrancy laws 
of the Ubico regime. McCreery (1994) mentions that many of the colonos 
(indebted peones) living in piedmont towns established by finqueros came from 
among the ladino rural poor. He also reports that, in addition to Indian community
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lands, ladino peasant communities in the piedmont region favored by coffee growers 
were claimed by well-connected Liberals and foreigners.
Apparently, the vagrancy laws also had a negative impact on those ladinos who 
had managed to insinuate themselves into the power structure of many Highland 
Indian towns up to that time. Since the laws essentially obviated their position as 
mediators between the labor pool and finqueros, many ladinos who had entered 
Highland towns during the early coffee boom found themselves without a ready 
source of income. This exit of ladinos opened new commercial opportunities for 
those Indians who had managed to accumulate wealth up to that point (McCreery 
1994).
3.2.4.4 The Reformist Governments of Artvalo and Arbenz
The Artvalo and Arbenz governments, in power from 1944 to 1954, attempted 
to address the socioeconomic inequalities that had been accentuated during the 
preceding administrations. Upon his election Arevalo (1944-1949) set about initiating 
the democratization of the Guatemalan state. Initially, the government refrained from 
redistributing land, or allowing unionization of the peasantry. Eventually, however, 
congressional debates over both issues brought about the ire of both the national 
landed elite and international interests, most notably the United Fruit Company and 
members of the Eisenhower administration (Berger 1992). As a result, the 
reformist government and pro-democratic factions united to defend their autonomy 
against external military threats. They also adopted an agrarian policy that was 
designed to undermine the opposition.
When it came into office, the Arbenz administration attempted to mobilize the 
peasantry and working class into a corporatist structure (Berger 1992; Lovell 1988). 
This was done in part to retain power against growing opposition from the United 
States, the United Fruit Company, and large landholders. According to Berger
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(1992), the government then instituted a land reform program designed to destroy 
internal opposition groups' economic power by breaking up large plantations and 
redistributing the land among the peasantry. The policy was modestly successful, 
resulting in the redistribution of nearly 894,000 manzanas (1,474,497 acres) of arable 
land, or about 16% of the nation's total, to 100,225 recipients. Despite this modest 
success, the resulting backlash that this caused among the reformist government's 
opposition eventually led to its downfall. Perhaps central to this was the 
expropriation of large portions of United Fruit Company lands (234,485 manzanas, 
or 386,901 acres). This action provoked the U.S. government to design a scheme 
dedicated to removing Arbenz from office in 1954 (Berger 1992).
Other major factors also contributed to the downfall of the Arbenz regime, 
however. First, Berger (1992) indicates that the organization of the Guatemalan 
populace was insufficient to uphold the regime. Another major factor resulted from 
bureaucratic errors in the administration of the agrarian reform, which in turn served 
to undermine the government's support among the peasantry. Finally, Berger 
maintains that traditional ethnic tensions between ladinos and indfgenas were 
heightened by government policies that treated the two groups equally, encouraging 
the breakdown of long-standing discriminatory practices in rural areas. This was 
because, as Lovell (1988:43) maintains, Arbenz never clearly understood the 
symbiotic nature of the relationship between Highland Maya communities and 
piedmont fincas, one in which "commercial agriculture in Guatemala represented a 
special form of capitalism that had itself promoted the spread of subsistence farming 
and minifundia land tenure" (Wasserstrom 1975:478; Schwartz 1983).
However, the earlier Ardvalo administration did introduce an institution that 
began a process of cultural change, one that gradually altered native life by 
diminishing native communities' dependency on the larger socio-economic
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framework of the finca system. This they did by establishing the first cooperatives in 
rural Guatemala (Lovell 1988; Berger 1992). According to Lovell, this, combined 
with decisions to improve education and to promote Mayan languages, helped to 
stimulate rural self-awareness.
3.2.4.5 The Establishment of Agricultural Assistance Institutions
It was also during the Ardvalo and Arbenz periods that the government began 
establishing several assistance institutions. In 1950, at the request of the Guatemalan 
government, the International Bank of Reconstruction and Development (IBRD 1951) 
commissioned an Economic Survey Mission, composed of experts in various fields, 
including agriculture, to make recommendations concerning development 
opportunities among various sectors of the Guatemalan economy. Among the 
recommendations made by the Mission was the expansion of the state's role in 
improving agricultural production among the Highland Indians. According to the 
Mission's report:
[It is] indispensable that the productivity of the Indians be raised so as to 
provide them with purchasing power over and above their subsistence needs.
This will require measures aimed at improving their education, health, 
nutrition and production methods, as well as finding for them new 
occupations in agriculture and industry more productive than the present 
inefficient cultivation o f Highland com. (IBRD 1951: 28, emphasis mine)
The last comment indicates another failure of the reforms instituted during the
Arevalo-Arbenz period: their underestimation of local sources of agricultural
knowledge. This later proved to be a major block to agricultural development in the
Guatemalan Highlands, as I will argue in Chapter Eight
To accomplish the aforementioned goal, the Mission recommended expansion
of the Institute Agropecuario Nacional (IAN) under the Institute de Fomento de la
Produccidn (INFOP). It also recommended intensifying national agricultural
research, with several priority areas: soil management and conservation being one of
them. Third, it recommended the establishment of an agricultural extension service to
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be administered under IAN. The task of the latter was to be the dissemination of the 
results of agricultural experiment stations to the farmers, and to "combat the harmful 
effects of ignorance, superstition and archaic custom through the teaching of ordinary 
good tillage practices" (IBRD 1931: 35). The Mission recommended the 
establishment of small demonstration plots throughout the Highlands, "where they 
can be seen by the farmer rather than the motorist" (IBRD 1951: 35). It also 
suggested that the technical staff of IAN participate in the teaching of agriculture at the 
University of San Carlos (USAC). Finally, the report's authors advised that the 
National School of Agriculture work in conjunction with IAN to promote agricultural 
education, research, and extension.
3 .2 .5  1954 to 1996
3.2.5. l Overturning the Reforms
After the fall of the Arbenz regime, the subsequent regime of Carlos Castillo 
Armas, in a move that reflected the interests of its primary backers, which included 
the United States government, banana producers, and coffee producers, repealed 
many of the institutions and land reforms initiated by the previous two administrations 
(Berger 1992). Shortly thereafter, the reconfiscation of lands, combined with the 
repeal of the Forced Land Rental Law that was instituted during the Arfvalo 
administration, caused many peasants to lose the lands that they used to cultivate 
subsistence crops. These actions, the effects of which were exacerbated by poor 
weather conditions, led to an overall drop in subsistence production. As a result, 
Guatemala had to import large quantities of maize to meet national needs by early 
1955. Although a national campaign to urge large landholders to plant subsistence 
crops eventually brought 1957 production to pre-1951 levels, subsistence grain 
production now lagged behind the explosive population growth that had begun two 
decades earlier (Lovell 1988; Berger 1992).
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The government also worked to disassemble the unions that were set up and 
encouraged by the previous administrations. Rural unions were a primary target of 
these efforts. Thus, by 19SS only two rural unions were allowed to retain any type of 
legal status. Their makeup was subject to approval by the government, which had set 
highly restrictive standards of membership and literacy (Berger 1992). A third rural 
union was added by the end of the regime, but it and the other remaining unions were 
heavily controlled by the Castillo Armas regime.
3.2.5.2 The Cooperative Movements (1954-1978)
According to Lovell (1988), it was the Catholic Church that ultimately played 
a pivotal role in transforming the relationship between Maya communities and the 
Guatemalan state. At the behest of Archbishop Mariano Rossell y Arellano, and with 
the support of the government, a number of foreign missionaries entered Guatemala 
(Lovell 1988; Berger 1992). Initially, this action was meant to maintain the status 
quo, as well as to counteract the spread of Protestantism (Lovell 1988). However, 
the new missionaries also fostered the development of agricultural, consumer, and 
credit cooperatives. Therefore, by 1967, the number of cooperatives in Guatemala 
had expanded to 145, with a total membership of nearly 27,000. By 1975, this had 
expanded to over 500 cooperatives with more than 132,000 total members. From the 
perspective of Maya community cohesion, the most important role that the 
cooperatives played was through contributing to community self-reliance, and a to a 
greater sense of Maya self-awareness (Lovell). However, this also served to 
undermine extant Guatemalan social relations, and thus set the stage for later events 
that would have a profound effect on community cohesion, and on relations with 
outsiders.
According to Lovell (1988), agricultural exports, especially coffee and bananas, 
experienced a boom during the 1960s and 1970s. Meanwhile, because of credit that
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was extended through membership in rural cooperatives, many Indians were able to 
purchase fertilizers and invest in petty trading, which in tum helped to create 
alternatives to seasonal migration to coastal and piedmont plantations to look for work 
(Elbow 1974,1981; Lovell 1988). As a result, many finqueros were beginning to 
find that the large labor pools they had previously counted on were beginning to 
noticeably diminish.
3.2.5.3 The Violence
On February 4,1976, Guatemala's often violent physical landscape played its 
own role as a catalyst in accelerating events that were already beginning to unfold. 
Early in the morning of that fateful day, the Guatemalan Highlands experienced a 7.5 
magnitude earthquake that was generated by left-lateral slippage along the Motagua 
fault (Espinosa 1976). The event affected an area of over 100,000 km2, claiming 
nearly 23,000 lives and injuring more than 76,000 others. Over 88,000 homes were 
destroyed, and another 430,000 residents were left homeless. The tile-roofed adobe 
structures used for housing throughout the Highlands until that time proved lethal for 
many residents in rural areas. Several towns were nearly completely destroyed, 
including Comalapa, which lost 1,500 residents (Mejfa de Rodas 1985). In the 
aftermath of this destruction, many Highland residents prioritized rebuilding their 
communities over work on plantations far from their homes. Moreover, the 
cooperatives eschewed government initiatives, which they associated with 
inefficiency and corruption, and instead solicited reconstruction assistance directly 
from international relief agencies (Lovell 1988). These developments were the 
catalyst that helped initiate the worst period of violence that the Guatemalan Highlands 
had seen since the initial Conquest, since the military and landed elite saw this as a 
threat to a socioeconomic system that relied heavily on the exploitation of cheap 
Highland labor.
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Shortly after the earthquake, the violence truly began. According to Lovell 
(1988), a number of cooperative leaders were murdered between February 1976 and 
December 1977. In May of 1978, army forces massacred over 100 K'ekchi Maya, 
including women, children, and the aged. During this period, the Guatemalan army 
tended to view any organized group with suspicion, including cooperatives and any 
other type of self-help group (Annis 1987). In numerous instances, entire villages 
that were suspected of aiding leftist guerrillas were wiped out (Montejo 1987; Lovell 
1988). In all, over 100,000 Highland residents were killed and over 40,000 
disappeared between 1978 and 1983, while civil war related violence claimed 
hundreds of lives each year well into the 1990s (Green 1999). Lovell maintains that 
the anti-communist rhetoric of the government at the time was a front for the true 
aim of destroying any organized attempts on the pait of the Maya to break their 
dependent status, which had heretofore assured the plantation system the labor it 
needed to remain viable.
This period of violence left the fledging cooperative movement in a shambles 
(Annis 1987; Lovell 1988). Although I did not spend much time inquiring into the 
structure and membership of local cooperatives, it appears that the government has 
allowed farmer cooperatives to return. However, as we shall see in a later 
chapter, semi-structured interviews with local farmers indicate that local 
cooperative memberships are small, and suffer from a variety of problems.
In addition to the effect that the violence had on the cooperative movement, 
Lovell adds that the government sought to "dismantle and destroy existing forms of 
community organization; to drive a wedge between people and place..." (Lovell 1988: 
47). In many ways it has been successful. However, as Lovell later concludes, 
while things might have looked grim at the time of the violence, and immediately 
thereafter, the Maya continued to hold on to their culture.
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Nevertheless, from the perspective of agricultural development and the 
promotion of soil conservation, the counterinsurgency has had wider-ranging effects. 
Not the least among these is the effect it had on cooperative activities among Highland 
residents. Additionally, it served to increase the distrust many Highlanders already 
had of outsiders, both Guatemalans and foreigners. I will further discuss the effect 
that the violence has had on agricultural development in Chapter Eight. Let us now, 
however, turn our attention to the study area.
3.3  Comalapa and Zaragoza
3.3.1  Comalapa
3.3.1.1 A Brief History
The ancestors of the modem Kaqchikels in Comalapa are descendants of the so- 
called Western Kaqchikels, whose territory "corresponds to the other Cakchiquels, 
who were earlier Quiche allies and later of the Idngdoiri of Tecpdn-Guatemala (Ixim 
che')" (Campbell 1976:7). The local populace was originally centered around the 
mountain top site of Chuitinamit, or "Chij-Xot", which overlooks what is now Aldea 
Patzaj (Figure 1.2), and is located approximately equidistant between the towns of 
San Jos6 Poaquil and Comalapa (Fox 1978).
The Spaniards conquered the site of Chij-Xot in 1S27, and used it as a staging- 
area to attack the main Kaqchikel force, which had retreated to a mountain near Ixim 
che' known as Holam Balam (Xajil 19S3). According to accounts, the Kaqchikel 
forces were defeated by Alvarado's lieutenant general Pbrtocarrero, after a fifteen- 
month siege (Milla 1983; Xajil 1953:126-127). Apparently, a betrayal by one of 
their own led to the Kaqchikels' defeat at Holam Balam (Milla 1983).
Many of the defeated Kaqchikels were forcibly resettled in the present-day 
location of San Juan Comalapa by Franciscan friars (Garzon 1998). The 
conquistador Juan Ptfrez Darddn took over the administration of Comalapa in 1549.
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Local inhabitants were set a certain "task" for particular goods that they were to 
supply to the capital: cocoa, salt, hens, reed mats, honey, and chiles (McKenna 
Brown 1998): in addition to tributes supplied to don Pgrez Darddn (Fuentes y 
Guzman 1983).
The original population of the Comalapa reduction was about 2,600. The 
accounts also indicate that most of the town's populace cultivated the better lands on 
the plateau's surface. By 1750, the community properties "composed," or titled, by 
Comalapa measured some 17.2 caballerfas, or 774 ha (McCreery 1994:62).
During the coffee boom that occurred during the late nineteenth and early 
twentieth centuries, Comalapa was spared much of the wholesale loss of lands that 
affected so many other Indian communities. According to McCreery (1994), 
Comalapa belonged to a group of towns situated entirely within the Highlands, and 
that did not have active claims to land in the piedmont or the lowlands. There do 
seem to have been some instances of land disputes with neighboring municipios. One 
of these resulted in Comalapa's municipio status being temporarily revoked from 
1886 to 1895 (Gall 1983). McCreery also states that ladinos who invaded these 
villages to recruit labor or sell goods often bought or otherwise acquired land, which 
had the effect of cutting off or altering access to community lands.
According to locals, most residents of the town of Comalapa were spared the 
brunt of the violence associated with the height of the Counterinsurgency during the 
early 1980s. However, according to several residents and at least one Guatemalan 
scholar (Sandlin 1997), one of the most aggressive rebel groups was based out of 
San Martin Jilotepeque, and was apparently still active into the 1990s. Locals tell of 
several assassinations and disappearances that occurred in the cabecera, while the 
village of Paquixfc was purportedly the site of an army massacre. According to 
Garzon (1998), many local cooperative leaders were assassinated during the height of
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the violence in the early 1980s, reflecting events occurring throughout the Highlands 
at the time (Annis 1987; Montejo 1987; Lovell 1988).
3.3.1.2 Location and Areal Extent
Comalapa's cabecera (municipal seat), known as San Juan Comalapa, is located 
16 kilometers north of Zaragoza on departmental highway Chimaltenango-2, which 
links both towns to the Pan American Highway. The municipio contains seventy-six 
square kilometers within its boundaries. Given a total population of 27,827, 
Comalapa has a high demographic density of 366 persons per km2. San Juan 
Comalapa's central park has an elevation of 21 IS meters (6937 feet) above mean sea 
level, which places it within the so-called tierrafrta (cold lands).
3.3.1.3 Demographics
Tables 3.1 and 3.2 contain data from Guatemalan Census records. According 
to the 1994 Census (Direccidn General de EstadJsticas 1997), 26,501 of the 
municipio's 27,827 inhabitants (95% of the total population) were counted as 
indfgenas, while only 883 inhabitants (3% of the total population) were counted as 
no-indfgenas.4 Most of Comalapa's residents speak Kaqchikel, although all but a 
few older individuals also speak Spanish (Farber 1978; Garzon 1998).
3.3.1.4 Political Units
In addition to the municipal seat, Comalapa also contains within its boundaries a 
total of 8 aldeas and 22 caserios (Figure 1.2). Two of the aldeas, Pachitur and 
Paquixfc, and two caserios, Chirinjuyd and Pamumus, are included in the present 
study. Caserio Pachitur and Caserio Chirinjuyd are located adjacent to the municipal 
boundary with Zaragoza. Pamumus and Paquixfc, on the other hand, are situated to 
the northeast of the municipal seat, in the northeastern portion of the municipio, at the 
edge of the plateau.
4 The discrepencies in the totals is either attributable to an editorial error, a lack of response on the 
pan of census respondents, or to surveyor error.
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Table 3.1: Demographic data for the municipio of Comalapa. Data for 1994 Census were obtained from the 
Direccidn General de Estadisticas in Guatemala City. The remaining data are from Gall (1983).
Sex Age Group Ethalc Groap Literacy
Date Aim Pap. Dees. M F 6 4 71a 14 1544 65+ Ie4fc. NO.IND Ltt. in .
1800 76? 7645? 101?
1880
1955 76 12313 162 11587 9543
1964 76 14808 195 6484 7406 3400 13151 1657 4681 5727
1973 76 17939 236 8827 9112
1973 76 18163 239 8924 9239 17424 739
49% 51% 96% 4%
1994 76 27827 366 13542 14285 6385 6026 14302 1114 26501 883 10605 4811
49% 51% 95% 3%
8
Table 3.2: Demographic data for Aldea Paquixfc, Caserio Chirinjuyu, Caserfo Pachitur, and Caserio Pamumus.
Sex Age Group Ethnic Group Literacy
Locale Elev. Pop. M F • 4 7 to 14 1544 65+ IND NO-IND Lit. 1IL
Chirinjuyu 2,080 110 63 47 25 23 59 3 9 98 34 28
57% 43% 23% 21% 54% 3% 8% 89%
Pachitur 2,080 175 86 89 44 48 78 5 171 1 54 29
49% 51% 25% 27% 45% 3% 98% 1%
Pamumus 2,200 461 235 226 118 103 223 17 449 1 149 91
51% 49% 26% 22% 48% 4% 97% 0%
Paquixic 2180 572 268 304 129 112 311 20 557 0 269 62
47% 53% 23% 20% 54% 3% 97% 0%
3.3.1.5 EreaLCwmmmitics
Paquixfc is the largest of the four Comalapan communities that were included in 
the study. Most of the community's population lives on a series of low ridges 
separating two small basins. Farmers cultivate in the basins, as well as on the 
surrounding hill slopes. A large ridge known locally as Sarimd dominates the 
northwest side of the larger basin. Farmers cultivate portions of Sarimd's lower to 
middle slopes and ridge top. Much of the ridge, however, is still covered by pine- 
hardwood forests, due to exceedingly steep slopes and shallow, poor-quality soils. 
Farmers also till the barranco slopes surrounding the village. Paquixfc's population is 
predominantly Kaqchikel (Table 3.2).
Pamumus, the second largest community, is a caserio of Aldea Simajuleu. It is 
located on a saddle of Cerro Pamumus, a northwest-southeast trending ridge located 
in the north-central portion of the municipio. There is very little level terrain in 
Pamumus, so most local farmers cultivate the surrounding hill slopes. Like Paquixfc, 
nearly all of Pamumus' residents are identified as Kaqchikel (Table 3.2).
Caserio Pachitur, the third largest community, is strung along the Comalapa- 
Chimaltenango road, on the flanks of an eastern spur of Cerro Chuanimachl (Figure 
2.2). Pachitur's southern extent coincides with the boundary separating the 
municipios of Comalapa and Zaragoza. Farmers till the hill slopes and ridge tops 
surrounding the village. Pachitur’s population is also overwhelmingly Kaqchikel 
(Table 3.2).
Caserio Chirinjuyii is the smallest of the four. It is located in the northern end 
of the broad valley between Cerro Sochal and the southern spur of Cerro 
Chuanimachl, which it shares with Aldea Las Lomas of Zaragoza. ChirinjuyU is 
nearly contiguous with Las Lomas. The mojdn, or boundary marker, between the 
two municipios divides the northern end of the valley from the southern end.
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Chirinjuyu is a caserio of Aldea Cojoljuytf, as is Fadritur. Yet Chirinjuyti's 
population is predominantly ladino, reflecting its geographic affinity with Las Lomas. 
Here, local farmers cultivate both the valley floor and the surrounding hill slopes.
3.3.1.6 Local Economy
Historically, most Comalapans have engaged in agriculture (Gall 1983; Garzon 
1998; Ministerio de Cultura y Deportes de Guatemala 1982). According to the 
Ministerio de Cultura y Deportes pamphlet (1982), local crops include maize, beans, 
potatoes, wheat, peas, fava beans, apples, peaches, and plums.
As population pressure on the local land base has increased, many locals, 
particularly in the municipal seat, have turned to economic activities other than 
agriculture. Farber (1978) mentions that many townsmen who identify themselves as 
farmers supplement this agricultural base with secondary income sources such as 
baking, masonry, tailoring, cobbling, carpentering, or painting. The number of rural 
men who claimed secondary income sources is somewhat lower, due to the lower 
number of off-farm opportunities.5 Survey data collected in 1997 indicate that only 
11 of 82 survey respondents (13%), claimed a secondary income source other than 
farming, livestock-raising, or farm labor.
Agricultural Census data are not available at the village or hamlet level. I did, 
however, obtain a general outline of crops grown in each through participant 
observation, semi-structured interviews, and the socioeconomic survey. Table 3.3 
provides a breakdown of crops grown by survey respondents from each village, 
based on the amount of land that they claimed to have dedicated to each crop in 1996. 
If we assume the survey samples are representative of the village populations as a 
whole, then it is clear that subsistence crops still dominate local agricultural 
production.
5 Some rural men do travel to other towns to work, according to personal observations and semi- 
structured interviews.
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Table 3.3: Crops mentioned by survey respondents, according to the relative amount of land devoted to each.
Beaas
h FiDri Fra* Broad Snow O ther Total
U t i l e M ate Mlpa deSneto Gakoy Coffee Trees Tomatoes Potatoes Beaas Wheat BroccoU peas Crops Area
Chk^Joy* (ca ) 9 8 14 18 4 .2 5 0  2 5 0 0 0 0 0 0 3 0 137.5
12 % 7 1 % 10% 13% 3 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 2% 0 % 100%
R e sp o n d e n ts f 12 1 4 4 1 0 0 0 0 0 0 2 0
f/12 100% 8 % 33% 33% 8 % 0 % 0 % 0 % 0 % 0 % 0 % 17% 0 %
Packttar (ca ) 117 5 4 9 .5 3 0 0 0 3 0 .5 4 1 4 0 1 %
16 % 6 0 % 28% 5% 2 % 0 % 0 % 0 % 2 % 0 % 2% 1% 2% 0% 100%
R e sp o n d e n ts f 15 4 7 3 0 0 0 2 1 2 1 1 0
f/1 6 100% 27 % 4 7 % 20% 0 % 0 % 0 % 13% 7 % 13% 7 % 7 % 0%
PlMIMI (ca) 189 16 10 2 0 0 0 0 0 5 0 0 0 222
2 2 % 8 5 % 7 % 5% 1% 0 % 0 % 0 % 0 % 0 % 2% 0 % 0% 0 % 100%
R e sp o n d e n ts r 2 2 2 6 2 o 0 0 0 0 1 0 0 0
r/22 100% 9% 27% 9 % 0 % 0 % 0 % 0 % 0% 5% 0 % 0% 0 %
P a f ib fc (ca ) 2 2 7 .2 5 41 18 4 0 1 3 .7 5 5 5 10 .25 2 7 9 0 3 2 8 .7 5
33 % 6 9 % 12% 5% 1% 0 % 0 % 1% 2 % 3 % 1% 2% 3 % 0 % 100%
R e sp o n d e n ts f 3 3 7 11 3 0 1 4 3 5 2 4 8 0
f/3 3 100% 3 2 % 50% 14% 0 % 5% 18% 14% 2 3% 9% 18% 3 6% 0 %
1.4 S I.MMS (ca) 53 2 158 3 2 18 .25 1.33 2 1.5 6 4 5 4 0 12 8 .5 7 8 0 .0 8
5 0 % 6 8 % 2 0% 4 % 2% 0 % 0 % 0 % 1% 1% 1% 0 % 2% 1% 100%
R e sp o n d e n ts f 5 0 18 16 11 2 1 1 5 4 2 0 6 2
f /5 0 100% 3 6 % 3 2 % 22% 4 % 2% 2% 10% 8 % 4 % 0 % 12% 4 %
l ju  CotaKSM (ca ) 9 2 5 17 3 8 0 4 5 0 0 0 .5 0 2 0 0 2 0 174.5
12 % 5 3% 10% 2 2 % 0 % 3 % 0 % 0 % 0 % 0 % 11% 0 % 1% 0 % 100%
R e sp o n d e n ts f 12 3 6 0 2 0 0 1 0 0 0 2 0
r/12 100% 2 5% 50% 0 % 17% 0 % 0 % 8 % 0 % 0 % 0 % 17% 0 %
Many local farmers have begun experimenting with cash crops, and all of the 
communities are connected by road to Comalapa, or to the main highway. Most 
farmers do not have transport, however. Some locals have purchased pickups, and 
will charge a small fee for transporting passengers and products. Nevertheless, these 
roads are often impassable during the rainy season, due to landslides, gully 
deposition (Figure 3.1), or steep grades.
To illustrate the difficulty locals have had in becoming integrated into the global 
economy, a useful example is the case in which a group of Paquixfc farmers signed a 
contract for the year 1996-1997 with an export company for producing broccoli.
They claimed, however, that the company did not buy the bulk of their crop due to 
low prices and low quality. Later, I saw many of their wives selling broccoli in the 
local market on the main market days. Because of such obstacles, most farmers in 
these villages have been reluctant to participate more in the export crop economy. The 
government has recently completed paving the main road between Comalapa and 
Zaragoza. This may provide local fanners with a better incentive to grow export 
vegetables in the near future, although this would depend on world markets and 
competition from villages closer to the Panamerican Highway. Yet, road conditions 
between these villages and the cabecera will remain a major obstacle.
Although export-oriented crop production is still minimal in these communities, 
local farmers do participate in the cash economy. They often plant separate bean 
plots ifrijol de suelo) for sale, as well as for home consumption. Farmers also 
sell surplus maize when they need to purchase particular items, such as clothing, 
dry goods, azaddn (hoe) blades, machetes, radio batteries, etc. Prices for maize 
and beans are generally low, and fluctuate greatly, due to competition from cheaper 
foreign imports. Therefore, few local farmers grow either maize or beans solely, or 
even predominantly, for cash income. Rather, as Annis (1987: 37) maintains,
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Figure 3.1: A gully has deposited a sediment fan that is partially blocking the main 
road.
leading in to Paquixfc from Comalapa. Guatemalan small farmers continue to grow 
traditional subsistence crops such as com and beans due to their reliable output, and 
because they are efficient at absorbing "spare inputs". Furthermore, while maize is 
the dominant crop grown, most local milpas contain a variety o f  intercrops, including 
several squash varieties, black beans, broad beans, the piligua variety o f climbing 
bean, and various table greens and medicinals.
3 .3 .2  Zaragoza
3.3.2.1 A-RrigLHislQg
Zaragoza is one of only a few Highland municipios in which the majority o f the 
inhabitants are ladinos that primarily participate in small scale, subsistence-oriented
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agriculture. This may be due in part to Zaragoza's unique history among Highland 
municipios.
According to Gall (1983), and a document of unknown source supplied by 
Zaragoza's municipal government, the original name of the area was "Chicoj", or 
"Chixoc". It is a Kaqchikel name that purportedly means "Francisco Oj", referring to 
the original landowner.6 The original colonists allegedly purchased land from local 
Indian owners (Archivo de Guatemala, 1762). During Post-Conquest times, the area 
also acquired the name "Valle de los Duraznos" (Valley of the Peaches).
The original Spanish settlers arrived in the area in the early 18th century. They 
later established a committee to negotiate with Governor Don Alfonso de Heredia for 
the establishment of a town. De Heredia acceded to their wishes, and gave the town 
the name of "Nuestra Sefiora del Pilar de Heredia".
According to Elbow (1981: 3), the early settlers engaged in subsistence
agriculture and small-scale livestock raising,
...a marked contrast with the majority of Spanish colonists of the day who 
lived in the capital (Antigua Guatemala) or some other relatively large 
Spanish town and were, or aspired to be, owners of large estates.
However, Mlndez Dominguez (1969) notes that the early settlers were dedicated
more to raising cattle and horses, and to transport, than they were to agriculture. He
associated the current emphasis upon maize cultivation among Zaragozans with a
possible government measure designed to avoid conflicts between Zaragozans and
their Indian neighbors (Mdndez Dominguez 1969). That maize production has since
become an important part of the local economy is reflected by Mdndez Dominguez1
observation that "the emphasis that Zaragozans give to maize subordinates as much
the humans as the livestock to the annual crop cycle..." (Mdndez Dominguez 1969:
96, my translation).
6 Probably a local Kaqchikel cacique.
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The name of Zaragoza was not conferred upon the community until the 19th 
centuiy, after continuous petitioning by community leaders. Their requests were 
aided by Princess Zara of Zaragoza, Spain, from whence the majority of the first 
settlers originated (Municipalidad de Zaragoza). Apparently, the name was conferred 
upon the municipio in 1892, when it was reestablished, after having been abolished 
because the community lacked sufficient population to obtain municipio status (Gall 
1983).
At about this time, like many other ladino communities, Zaragoza was 
beginning to feel the effects of its increasing population and the decreasing fertility of 
its lands. In the early part of the nineteenth centuiy, Zaragoza leased land from 
Chimaltenango municipio, and managed to purchase some 16 caballerfas (693 ha.) on 
the distant piedmont (McCreeiy 1994). During the Liberal regime of Barrios, 
Zaragoza obtained 30 cabellerfas (2167 ha.) of land from Chimaltenango through 
forced rental, and later purchased it (McCreery: 400, n91).
In the latter half of the twentieth century, however, Zaragozans found that many 
younger ladinos were moving out of the municipio in search of better opportunities in 
the cities. Elbow (1974) reports that, by the late 1960s, a significant number of 
indfgenas from surrounding municipios such as Comalapa had been buying land in 
Zaragoza, which could be had for a lower price than in their own municipios. The 
result was that the populations of many Zaragozan aldeas are now predominantly 
indigenous.
3.3.2.2 Location and Areal Extent
Zaragoza municipio (Figure 1.2) lies directly to the west of the departmental 
capital. The municipal seat, which also called Zaragoza, is located one kilometer 
north of the Central American Highway, and 13 kilometers west of the capital of 
Chimaltenango department
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The municipal seat is in the southern portion of the Chimaltcnango-Tecp&n 
Valley. The town has an elevation of 1849 meters (6065 feet) above mean sea level, 
and is located at latitude 14*39'00"N, longitude 90’53'26”W. The municipio has a 
total land area of 56 km2.
3.3.2.3 Political .Units
In addition to the municipal seat, Zaragoza also contains seven aldeas and ten 
case rfos. Of these, Aldeas Las Lomas and Las Colmenas were the principal 
communities in which 1 conducted the survey and semi-structured interviews. I also 
interviewed several farmers in Caserio Los Chilares and Aldea Mancherdn Grande 
(Figure 1.2).
3.3.2.4 Demographics
According to the 1994 Census (Table 3.4), Zaragoza's total population was 
13,467 (Direccidn General de Estadfsticas 1997). Twenty-three percent of the 
population was registered as indfgenas. The remainder of the population is registered 
as no-indfgena, or ladino. Several of Zaragoza's outlying aldeas and 
caserfos, however, are predominantly indigenous, among them Tululchd, Joya 
Grande, Rincbn Grande, Rincdn Chiquito, and Chicdj (Elbow 1981). Mancherdn 
Grande and Pochbj have slight indigenous majorities, while the remaining settlements 
have ladino majorities (Direccidn General de Estadfsticas 1997).
3.3.2.5 Communities Studied
Las Colmenas and Las Lomas are both predominantly ladino communities 
(Table 3.5). According to the 1994 Census, only five of Las Colmenas' 219 
inhabitants (2%) were indfgenas, and only two of Los Chilares' 133 residents (1.5%) 
were indfgenas. Las Lomas' populace is more heterogeneous than either of these 
communities. Some 265 of Las Lomas' 1056 (25%) residents were counted as 
indfgenas in the last census.
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Table 3.4: Demographics for the municipio o f Zaragoza.
Age Groaps
Density
Are* Level
Date (eikn) Pop, Dens. Terrain M F Urhaa Karal 0-6 7 to 14 15-64 65+ IND NO-IND Lit
1880 1619
1 955 5 6 4 7 1 0 8 4 2 4 0 2 7 7 9 1931 1031 3 6 7 9 1187
5 9 % 4 1 % 22 % 7 8 %
1964 56 5861 105 2 9 9 3 1 1 7 2 7 4 4 3 2 9 2 3 5 6 9 1434 1449 4 4 1 2 1591
53 % 47 % 5 6 % 6 1 % 25 % 7 5 %
1973 5 6 7 3 3 2 131 3 7 4 3 8 5 0 3 4 8 2
5 3% 4 7 %
1973** 5 6 7 3 1 7 131 3 7 3 3 8 5 3 3 4 6 4 3 7 5 2 3 5 6 5 1791 5 5 2 6 2 4 1 8
5 3% 4 7 % 51% 4 9 % 2 4 % 76%
1994 5 6 13467 2 4 0 6 8 7 6 2 7 6 6191 6 1 7 7 7 2 9 0 2851 2 6 7 9 6 4 5 0 4 8 7 3 5 9 0 9 7 5 6 511 3
4 7% 4 6 % 4 6 % 5 4 % 2 7 % 7 2%
Table 3.S: Demographic information for the Zaragoza aldeas that were visited during fieldwork.
Ses A (e Graap Ethnicity Literacy
Locale Kiev. Pop. M F 0-6 7 to 14 15-64 65+ IND NOIND Lit IE
Las Lomas 2 0 7 0  m 1064 5 3 9
5 1 %
5 2 5
4 9 %
2 8 0
26%
2 6 6
25%
4 9 9
4 7 %
19
2 %
2 6 5
25%
791
7 4 %
3 6 2 156
Las
Cokoeaas 1 9 0 0 m 2 1 9 117 102 71 4 3 9 5 10 5 2 1 4 4 8 57
5 3 % 4 7 % 3 2 % 20% 4 3 % 5 % 2% 98%
II.
3 5 2 3
2 8 3 6
1824
Las Lomas is located in a broad valley that forms "the shape of a flattened 
horseshoe raised several hundred feet above the level of Chimaltenango, with the 
horns of the horseshoe delimiting a gently-sloped valley ending in a precipice that 
drops to the barranco of the Pixcayd River" (Mdndez Dominguez 1967: 47, my 
translation). Cerro Sochol is situated in the open area between the horns of the 
horseshoe (Figure 2.2). The Pixcayd River separates the main valleys of Zaragoza 
and Comalapa municipios.
Las Lomas' residents construct their homes on the ridges and hill slopes 
surrounding the main valley, and along the valley floor. As in Paquixfc, the best 
agricultural lands are on the valley floor, in several hollows. Here, organic matter 
and sediments removed by erosion from the surrounding hill slopes are deposited, 
enriching the soils considerably (Mdndez Domfnguez 1967). Several farmers plant 
potatoes and blackberries in these hollows. With such a large population, however, 
most farmers also use the surrounding slopes for cultivation.
Las Colmenas is located on a lower ridge to the east of Pachitur. Like 
Pamumus and Pachitur, Las Colmenas has very little land that is not steeply sloping, 
although there are several small hollows and ridge tops that are relatively level. Local 
soils are poor quality and often hard to work. It is the most isolated of all six 
communities in the study, due to its main road being nearly impassable during the 
rainy season.
3 .4  Land Tenure
Although I did not obtain land tenure information for the entire municipio,
I asked survey respondents to list how much land they owned, rented, and 
cultivated. For the purposes of the study, I will only discuss actual land holdings, 
which is defined as the total amount of land owned by an individual farmer.
Although land rented or borrowed from family members has many implications for
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agricultural development, it is the amount of land owned by a particular individual that 
would have the most impact on his or her decisions concerning the type of 
conservation system to use. 1 will discuss this topic in greater detail in Chapter Six. 
The results of a cross tabulation run on ethnicity versus land ownership appear in 
Table 3.6. Among a total of 136 respondents, most (90%) claimed to own most of 
the land that they cultivate. Another 34% of the respondents claimed to rent at least a 
portion of the land that they cultivated.
Table 3.6: Land ownership, by locale.
l a n d % 1 0 9 e % o r % of
Owned Pachitor Tot a Total Paqntadc Total
0-6 ca. 7 47% 8 36%  14 44%
6-12 ca. 4 27% 11 50% 9 28%
12-18 ca. 4 27% 0 0%  3 9%
>18 ca. 0 0% 3 14% 6 19%
Total IS 22 32
l a n d % o f  Laa % of Lm % of %oT
Owned CMrtnjayd Total Loaaa Total Cotawaaa Total Total
0-6 ca. 5 42% 23 51% 6 55% 63 46%
6-12 ca. 2 17% 7 16% 3 27% 36 26%
12-18 ca. 2 17% 2 4%  1 9% 12 9%
>18 ca. 3 25% 13 29% 1 9% 26 19%
Total 12 45 11 137
Median land holding size claimed by survey respondents was 7 cuerdas. For 
comparison purposes, I grouped land ownership into four categories (Table 3.6). 
Among all respondents, 47% owned less than 6 ca (-1.7 acres) of land, 26% owned 
between 6 and 12 ca (-1.7-3.4 acres) of land, 9% owned between 12 and 18 ca 
(-3.4-5 acres), and 18% owned more than 18 ca (5 acres). Ten percent of the 
respondents claimed not to own any land.
When we compare land ownership of Kaqchikels versus ladinos, there is not a 
significant difference in median land ownership between the two groups (Appendix 
C). However, there is a small difference in the mean land holdings of the two 
groups.
I l l
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The higher mean, standard deviation, and skewness for ladino land ownership 
indicate that there might be a more uneven land distribution among ladino farmers 
than among Kaqchikel farmers. Note that, within the larger communities of 
Pamumus, Paquixfc, and Las Lomas, several respondents claimed to own more than 
50 ca (>14 acres). Two in Las Lomas claimed to own 100 cuerdas (28 acres).
3 .5  Local Agroecosystems
As mentioned earlier, local farmers grow a variety of crops. However, apart 
from a few villages with better access to regional markets, most local farm plots are 
dedicated to subsistence agriculture that is based on the production of maize and beans 
for local consumption. As a result, I decided to dedicate the main part of this study to 
soil management systems related to the production of subsistence crops. The 
following two sections describe the production of milpa and frijol de suelo.
3 .5 .1  The Milpa Agroecosystem:
3.5.1.1 Description
The traditional Mesoamerican subsistence system known as milpa still 
predominates in Comalapa and its outlying villages, as well as in the ladino villages 
that I visited during the study (Table 3.4; Asturias de Barrios 1994). By most 
definitions, the term milpa refers to land that is planted to maize, or com (McBryde 
1947; Horst 1987,1989). However, unlike modem cornfields in the American 
Midwest, a milpa is not dedicated solely to com.7 Intercropped with the dominant 
maize plants a Highland milpa normally also contains climbing beans known as 
piligua, various squash varieties, and a number of weedy volunteer species that are 
used as medicinals or table greens. Horst (1987) also mentions that milpas may serve 
as sites for experimentation. A Highland farmer will often set aside a portion of his
7 The cornfield of today is an artifact of mechanized agriculture, which favors monocultures. 
Historically. North American cornfields often also contained a variety of intercrops (Moore 1958; 
Hilliard 1972).
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milpa to try out new crops. If satisfied with the results, he may later grow the new 
crops separately on a larger scale.
Table 3.7 contains a list of intercrops and volunteer species that can be found in 
local milpas. The list of volunteer species is based primarily on information gathered 
from one of my field assistants while we were repairing the brush barriers that had 
been set up in his plot This information is corroborated by information provided by 
Asturias de Barrios (1994) and Keys (1996), and is further supplemented by 
information I gathered during informal conversations with townspeople from 
Comalapa during my stay there. Locals do not consider these weedy species to be 
actual milpa crops. Rather, they are volunteer plants that "produce with the milpa" 
(Asturias de Barrios 1994). As the table indicates, many of these plants have value 
either as medicinals, or as table greens. Traditionally, plants like quilete, m a'k'x, 
mestanzia, lechuguilla, and chipiUn have rounded out local diets, providing table 
greens to supplement the main diet of maize and beans. Other plants served as a local 
pharmocoepeia before rural health clinics and pharmacies became available, and are 
still preferred by those who cannot afford more expensive patented medicines.
This multi-functioning aspect of the milpa agroecosystem is also seen in 
ladino's milpas. Like Kaqchikel farmers, many ladino farmers plant piligua along 
with maize at planting time. One older Las Colmenas farmer (Eaj) described milpa as 
not only a place to grow maize and beans, but as a full agroecosystem, in which a 
farmer might grow additional crops that include beets, radishes, broad beans, and 
squashes for family use. He claimed that Las Colmenas farmers also leave several 
weedy species in their milpas for food or medicinal purposes.
3.5.1.2 Cultivation Cvcle
The combination of a highly bimodal precipitation regime with a cool growing 
season allows for only one maize crop per year. Table 3.8 provides a breakdown of
113
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
Table 3.7:
Kaqchikd
K'eq kinaq
Ma'k'x
Saqichaj
Much'
K'o'lajay
Majcuy
RusocXar
Siquij
Rukabach
Cilandro
Rutzez tie'
A list of intercrops and "volunteer" species found in a Paquixfc milpa.
Spanish
Frijoles negros 
Aguacate 
Habas 
Guicoy (mocun) 
Piligua 
Chilacayote 
Calabaza
English
black beans 
Avocado 
Broad bean
"navy" beans 
acorn squash 
Gourd fruit
Cebolla de Perro "dog onion"
Mestansia
Colis
Chipilin
Lechuguilla
Quilete
Unavailable
Botanical
Phaseolus vulgaris
Vicia Faba 
Cucurbita spp. 
Phaseolus coccineus 
Cucurbita ficifolia 
Lagenaria siceraria
longirostrata 
Talicum paniculatum? 
Solatium americanum
Apazpte
Cilantro Falso
Ajo de Perro 
Ojo de Sapo
Mexican wonnseed
"false cilantro"
"dog garlic" 
"Toads Eye"
Local Use
Eaten with maize tortillas for most meals.
Often serve as boundary markers. Used for shade, and for fruit. 
Toasted as a  snack. Sometimes cooked green (similar to lima beans).
Cooked in soup, and cooked in syrup as a  dessert treat.
Various uses, among them water canteen and dipper.
Table greens.
Medicinal herb for treating worms. Placed on child's stomach when hot, 
or inhale vapors for bronchial worms.
Table greens.
Condiment mixed with tamalilos, or with chuchilos.
Used in sauces made with seeds of chilacayote. guicoy. or ayotc.
Used as a  condiment for a  type of tomato sauce.
Used to put on a  cut, like a  band-aid.
Medicinal herb. Locals boil entire plant to make a  tea that is reputedly 
good for stomach aches, when mixed with cebolla de perro. You can 
also put the ends in beans while they are boiling, to prevent gas.
A medicinal that is mixed with cebolla de perro and ajo de perro for use 
as a  worm remedy.
Older people often use it for soap. Also used as a dandruff remedy. 
Used in worm remedy with cebolla de perro and cilantro falso. 
Medicinal herb. Boiled as a  tea and used for diahrrca. Combined with 
herbs as a  treatment for gastritis.
Table 3.8: Cultivation cycle and total work inputs for milpa production.
Took
Arrancada de 
caAa
Preparar la lierra 
(surqueada)*
Siembra*
Pachitur
Paquixfc
April-M ay
April-M ay
TO TA L W O R K  INPUTS
T ext u re /C o o sis te  n ee
V illage o r
Hamlet Dales
Las Colm enas February-M arch 
Paquixlc January-A pril
Las Colm enas M ay t
Las Lomas February-June 
(Los Chilares)
Paquixfc January-A pril 
Pachitur
Las Colm enas M ay-June 
Las Lomas /  April-June 
Los Chilares
W o rk  In p u ts  (M an* 
dayV cs) M oon F ria b le  C layey  M edium
9-12 ( bours/ca)
4 .5  person-days/cuerda 
(-3 6 -4 8  hours/ca)
2-3 person- 
days/cuerda (-16 -24
2.25-3 person - 
days/cuetda 
(-1 8 -2 4  hours/ca)V
-8
-72-96t
1
1.5
2.25
2.25
I I
4.5
Re siembra** 
Primer Trabajo
(surqueada 
or deshierba)***
Paquixfc
July 2 person-days/cuerda 
( -1 6  hours)
Segundo Trabajo Las Lomas July-August
C alzada
Paquixlc
Pamumus
Las Lomas 
Patzdn
S.6-7.5 person- 
days/cuerda (-45 -60  
hour/ca.)
August-Septem ber 
Septem ber 3 .75  person-
days/cuerda (-3 0  
hours/ca.)
O ctober
2
1.5
1.75
2
4
3.75
3.875
4
5.6
DobladaJtasseleada Las Colm enas N ovem ber 
Las Lomas 
(Los Chilares)
Pachitur
Paquixfc
5.6-7.5 person- 
days/cuerda 
(-4 5 -6 0  hours/ca.)
Late November 
D ecem ber
5.6
T ap iscada  Las Colm enas D ecem ber-
Las Lomas D ecem ber 6.75 person-
(Lot Chilares) days/cuerda
Paquixfc D ecem ber-M arch  
T O T A L  W O R K  IN PU TS (W o rk e r  D ays p e r  C n e rd a ) :
Soil Texture/consistence:
*Low d a y  content and/or loose consistency.
“ High d a y  content and/or sticky consistency when w et, hard consistency when dry.
15.3 24.9
Light* H eavy**
6.75
23.5
the local milpa production cycle at the village/hamlet level, as well as details of the 
timing and work inputs required for various agricultural tasks. This information is
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based on interviews that were conducted with several farmers from each location that 
is mentioned in the table.
Although length of the growth cycle for maize is approximately 8 months, from 
May through December, the actual maize cultivation cycle may be spread out over an 
entire 12 month period. Before preparing their fields for planting, farmers first cut 
stubble from the previous year's crop, and line it in the furrows between surcos for 
burial later during the primer trabajo.8 Farmers usually perform the arrancada de cana 
after the end of the previous year's harvest is completed. According to several 
informants, it generally takes one worker day to arrancar cana.
The next task listed in Table 3.8, land preparation, may be performed after the 
end of the arrancada de caiia, or concurrent with the planting. The timing of land 
preparation depends on available time, soil texture, or soil hardness. Generally, if the 
soil in a farmer's field is heavy textured (i.e., having high clay content), he will wait 
until the first rains (which begin between early and mid-May), when the soil is more 
workable. If the soil is a sandy loam or has good structure, and the farmer has the 
time, he may start land preparation as early as January, immediately after the harvest. 
Land preparation can thus take anywhere from 2 to 6 worker days per cuerda, 
depending on whether the farmer builds half-surcos or full surcos, buries or bums his 
crop residues, and/or plants the crop during the preparation. Soil type also 
determines how much labor is involved in land preparation. It generally takes twice 
as long to work a clayey soil as it does to work a sandy or well-aggregated soil, for 
example. A soil with a hard pan can take even longer.
Once the land is prepared, the farmer will then plant (sembrar) the maize crop. 
Again, the timing of planting depends on whether the land being planted is on a hill 
slope, or on a valley floor, and on whether or not the soils are easily workable at the
8 I will further explain the reasons for burning versus burying crop residues cited by local farmers in 
a later section on soil fertility maintenance.
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end of the dry season. Most valley soils are loose-textured, and contain high amounts 
of organic matter. They also retain moisture to within 10 centimeters of the soil 
surface well into the dry season (as late as January), and benefit from a water table 
that is within a few feet of the soil surface. Capillary action, combined with a 
naturally high soil water retention, means that young plants will have enough 
moisture to sprout before the first rains arrive. The earliest planting dates reported are 
for April in Aldeas Paquixfc and Las Lomas, on the valley floors. Farmers generally 
wait until the first rains to start planting on the surrounding hill slopes. Some farmers 
report that they delay planting until June, when they can be certain that their sprouting 
maize plants will have enough moisture during germination and early development, 
when roots have not grown long enough to reach moisture at depth. Planting 
generally is accomplished by opening up a hole in ridge tops, or behind maize 
residues. This the farmer accomplishes with an azaddn, which leaves a hole with 
dimensions of about 30 cm long by IS cm wide. In each hole, the farmer places 5-6 
maize grains, accompanied by 1-2 piligua or broad bean seeds. If the farmer has 
access to animal manure or compost, he will add a double-handful to each planting 
site at this time. Plantings are spaced 80-90 cm apart along rows or ridges, and rows 
are spaced 90-110 cm apart Planting generally requires slightly over two worker 
days per cuerda. Planting may be followed a couple of weeks later by a resiembra, 
or replanting (Asturias de Barrios 1994). According to Asturias de Barrios, the 
resiembra requires just under one worker day per cuerda.9
After the rainy season begins, weeds grow rapidly in farmers' milpas, which 
require a weeding, or deshierba. Depending on whether or not a farmer performed 
the surqueada before or during planting, this task may also be known as the 
surqueada. This task is thus alternately known as the deshierba, surqueada, or
9 None of the fanners I spoke to mentioned the resiembra as a separate task, and apparently included 
it in their calculations for labor inputs associated with the siembra.
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primer trabajo, with the latter referring to its being the first major task following 
planting. When weeding, the farmer starts at the top of the milpa, working his way 
downslope, in a zig-zag fashion, following rows of maize as he goes. Weeding is 
performed by scraping soil from the space between rows, and piling it up on ridge 
tops, burying the weeds in the process. The primer trabajo requires 2-6 worker days 
per cuerda to perform, depending on whether farmers combine it with surco-building.
By early to mid-October, the maize plants are beginning to mature, and have 
reached their full stature, which can approach 350 cm, thanks in part to the use of 
nitrogen fertilizers. This is also near the end of the rainy season. The winds pick up 
around this time as the thermal equator moves south, and the nortes begin to 
arrive.10 As a result, the maize plants are more susceptible to lodging, which 
exposes the maturing ears to moisture and pests on the ground. To minimize lodging 
risks, farmers calzpr the maize plants around October. The calzada involves pulling 
the contour ridges that have been built up over the growing season into mounds 
around the bases of the cornstalks, in an attempt to buttress them against the wind's 
effects. This task requires about one to two worker days per cuerda.
The last major tasks before harvest are the tasseleada and/or doblada, which 
usually take place in November. The tasseleada involves removing all the leaves and 
upper portions of the stalks above the ears.11 Fanners then place the leaves and 
upper stalks in small piles on the ground among the standing cornstalks. There they 
will leave them to dry, before storing them to feed to their animals in May, when the 
rainy season begins. According to several informants, they perform the tasseleada at 
this time for two reasons. First, the plants have stopped growing, but the leaves and 
stalks are still tender, so they are easier to remove. If they wait longer, the leaves will
10 Local children know this season well, and take advantage of the strong winds to build kites, which 
can be seen floating above local villages during the afternoon, after schooJwork and farm chores 
are completed.
11 Asturias de Barrios (1994) refers to this task as despunte.
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crumble when they try to strip them, and the stalks are also harder to cut once they 
have dried out. Second, by stripping the leaves and removing the upper portions of 
the stalks, the maize plants present less surface area to local winds, making them less 
susceptible to lodging. Thus, the tasseleada may serve this purpose better than does 
the calzada (Wilken 1987).
The doblada usually involves bending the top of the stalk, just below the ears, 
downwards, using the back of a machete to clip the stalks. This causes them to bend 
over under their own weight Farmers use the duller side of the machete for this 
purpose because they do not wish to cut completely through the stalk. The intent of 
the doblada is to allow the matured ears to dry faster. The doblada requires about two 
worker days per cuerda to perform (Asturias de Barrios 1994).
The final task associated with the maize cultivation cycle is the harvest, or 
tapiscada. Again, the timing of the tapiscada depends on various factors, including 
planting date, altitude, and labor availability. In Comalapa, and in the basins of 
Paquixfc and other aldeas, the tapiscada often begins in December, and may last 
through January. On the hill slopes surrounding Paquixfc and Pamumus, the 
tapiscada might not begin until January, and may last until early March. Usually the 
entire family, including children over the age of 12, accompanies the farmer into the 
fields for the tapiscada. In Paquixfc and Pamumus, farmers and their families remove 
the husks in the fields, before putting them in their costals or reds to carry back to 
their family compounds for storage. The actual task of tapiscada requires about two 
worker days per cuerda (Asturias de Barrios 1994). However, when one includes 
transport, the labor inputs can increase to 4-7 worker days per person. The amount 
of time required for the task ultimately depends on whether the family owns horses or 
burros for carrying the harvest, and depending on how far the ears must be 
transported.
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When the labor inputs across the entire maize cultivation cycle are summed, the 
total varies from as few as 18 eight-hour worker days per cuerda, to as many as 25 
worker days per cuerda. As mentioned earlier, the amount of labor involved in 
various tasks depends on several factors, including soil texture and structure, how 
many tasks are combined into one, and whether the workers hurry through the tasks 
or perform a thorough job. Given that the median family size for both Kaqchikels 
and Ladinos is 5 persons, this means that the average farm family must till an average 
of 5.8 cuerdas of land to ensure a minimal amount of maize for subsistence purposes 
(Mejia de Rodas 1985). Thus, the total work inputs needed to ensure minimum maize 
subsistence equals 18 * 5.8 = 87 worker days.
3 .5 .2  Frijol de Suelo
Frijol de Suelo, or "ground beans", may be planted either with milpa, or 
separately. Most farmers plant it separately from milpa. This is because, according 
to one Pachitur farmer (Syo), frijol de suelo does not grow well under the maize 
plants. This individual claims that a successful bean crop interplanted with milpa 
requires a maize spacing that is one-and-one-half times the norm to reduce the effect 
of shading on the beans that would be caused by the taller maize plants.
Farmers may plant as many as two bean crops a year. The first crop is usually 
planted in May or June, at or near the beginning of the rainy season (Table 3.9). The 
second crop is planted in October or November, when there is usually still moisture in 
the ground, especially on the valley floors.
The bean cultivation cycle usually consists of five tasks: land preparation 
(preparada de tierra), planting (siembra), weeding (limpieza), fumigation 
(fumigacidn), and harvest (ammcada) (Table 3.9). For the spring planting, farmers 
prepare the land in April or May, and devote 1.75-4.5 worker days per cuerda to the 
task, depending on whether they also surquear at this time. They then plant
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Table 3.9: Cultivation cycle and total work inputs for frijol de suelo production.
Task
L and
P re p a ra tio n
Village or 
Hamlet
L o s  C h ila re s  
L a s  C o lm e n a s
Saarce Dates Labor Inputs
R fi (2 /3 /9 7 )  4 .5  w o rk c r-d a y s /c a  (~ 3 4  h o u r s /c a )
P e a (3 /8 /9 7  1 .8 -2 .4  w o r k e rd a y s /c a  ( -1 4 .4 -1 9 .2  h o u rs /c a .)
S ie m b ra  L o s  C h ila re s  R fi (2 /3 /9 7 )
L a s  C o lm e n a s  J lu  (2 /1 8 /9 7 )  M a y -Ju n e
L as  C o lm e n a s  P e a  (3 /8 /9 7 )  M ay , a n d
so m e tim e s  in  
O c to b e r*
2 .2 5  w o rk e r  d a y s /c a  ( - 1 6  h o u r s /c a )
3  -4  w o rk e r  d a y s /c a  ( -2 4 - 3 2  h o u rs /c a )
N>
U m p ie z a  o r  I^os C h ila re s  R fi (2 /3 /9 7 )
R a sp a d a  L a s  C o lm e n a s  P e a  (3 /8 /9 7
4 .5  w o rk e r  d a y s /c a  ( - 3 4  h o u rs)
3  -4  w o rk e r  d a y s /c a  ( - 2 4 - 3 2  h o u r s /c a )
F u m ig ad a  L o s  C h ila re s  R fi (2 /3 /9 7 )
L a s  C o lm e n a s  P e a  (3 /8 /9 7 )
1 .7  w o rk e r  d a y s /c a  ( - 1 3 .6  h o u rs)
3  -4  w o rk e r  d a y s /c a  ( - 2 4 - 3 2  h o u r s /c a )
M e d io
su rq u ead a
L a s  C o lm e n a s  P ea  (3 /8 /9 7 )
P rim er, se g u n d o , Ixra C h ila re s  R fi (2 /3 /9 7 ) 
y tercer corte
(a rran cad a )
L as  C o lm e n a s  P ea  (3 /8 /9 7 )
Total (Rfi) 
Total (Pea)
4 .5  w o rk e r  d a y s /c a  ( - 3 4  h o u rs)
3  -4  w o rk e r  d a y s /c a  ( - 2 4 - 3 2  h o u rs /ca .)
17.5 worker days/ca (140 koors/ca)
18.5 worker days/ca (-148 koors/ca)
Comments
In c lu d es  th e  su rq u e a d a
In c lu d es  b u ild in g  su rco s
N ote: T h e y  c u t  th e  e n tire  p lan t, an d  
cairy it back to the house to shell the
beans.
the beans in May, which takes a little over two worker days per cuerda. The limpicsa 
is performed a month later. This task requires another three to four worker days per 
cuerda. Farmers also begin to fumigate for pests at this time. Normally, three 
fumigations are performed, which accounts for a total work input of just over 1.5 
worker days per cuerda.
Asturias de Barrios (1994) reports that Comalapa farmers harvest frijol de suelo 
in three "cuttings". My ladino informants, however, arrancar (remove) the entire 
plant, and carry it back to their houses to shell the bean pods. This task requires a 
total of 3-4.5 worker days per cuerda to perform.
3.5.3 Total Labor Devoted to Subsistence Agriculture
Summing all labor up over the three-month growing period, farmers generally 
put in about 18 worker days per cuerda for bean cultivation (Table 3.9). Survey data 
indicate that the median amount of land dedicated to frijol de suelo cultivation among 
Kaqchikel farmers is approximately one cuerda, and that the median amount of land 
that ladino farmers dedicate to frijol de suelo production is two cuerdas.12
Assuming that a Kaqchikel family produces 5.8 cuerdas maize, plus one cuerda 
frijol de suelo, they will devote a total of 106.7 days labor per cuerda. The total 
would rise to 158.4 worker days per cuerda in a heavy soil.
A ladino family that produces 5.8 cuerdas of maize, plus two cuerdas of frijol 
de suelo will devote a total of 124.7 days per person per cuerda in light-textured soils. 
This input can rise to as much as 176.4 days per person per cuerda in clayey soils.
These labor inputs are an important consideration that I will return to in Chapter 
Six. As should become clear, those who promote labor-intensive conservation 
systems such as bench terraces and infiltration ditches need to account for these 
inputs.
12 A total of 28 kaqchikel households reported having cultivated a separate plot at frijol de suelo in 
1996, while a total of 7!? ladino households repotted having done so.
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3.6 Summary
3.6.1 Regional Sociopolitical and Socioeconomic Trends
From this description of the history of the Maya and ladinos13 of the 
Guatemalan Highlands, it is clear that the two groups underwent similar experiences, 
especially during the early Colonial period. In fact, during that period, the life of the 
ladino may have been even more precarious than that of the Maya, who at least had 
stable access to community lands. Such access was not available to many ladinos, 
who were often barred from membership in the Spanish-dominated Guatemalan 
society, and who were likewise barred from Indian communities.
The status of ladinos relative to that of the Maya changed during the 19th 
century, especially after the Liberal Reforms installed by the Barrios administration in 
the closing decades. This is when the term ladino first started being used to refer to 
all Guatemalan citizens who did not practice customs or wear clothing associated with 
Mayan culture. During this period, and during the opening decades of the twentieth 
century, those who were ladinos in the traditional sense began to make inroads into 
Highland communities, often at the expense of their Mayan inhabitants. Yet, many of 
them remained poor. Also, during the Ubico period, many lost what they had gained 
during the previous decades, through the same processes that were accelerating 
changes throughout the Highlands, especially among the Maya.
At that time, the Maya were under increasing pressure from the government, 
coffee finqueros, and ladinos to relinquish their lands, labor, and identity. There was 
a brief respite from the assaults on their lands during the Ardvalo-Arbenz period, 
when the government actually tried to reverse the trends that occurred during the 
previous regimes. Yet this period was short-lived, as Guatemalan elites and the 
United States government soon stepped in to re-establish the old order. Further
Unless I note otherwise, 1 will be using the term ladino in its more traditional sense throughout 
this section.
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complicating the situation, population growth among both ladino and Indian 
communities accelerated the ongoing process of minifundismo. Furthermore, the 
fallout of the coffee boom tended to accelerate social differentiation that had long been 
occurring within the Mayan communities themselves (McCreery 1994).
3.6.2 The Study Area
The municipios that are the focus of this study, Comalapa and Zaragoza, 
underwent many of the experiences that have affected both Indian and ladino 
Highland communities. Yet, in some ways, their histories are also different. 
Comalapa, being a Kaqchikel village within close proximity to the colonial capital and 
modem capitals of Guatemala and Chimaltenango, has probably been somewhat less 
"closed," and thus more susceptible to outside influences, than communities in more 
remote locations (Garzon 1998; McKenna Brown 1998). Zaragoza, on the other 
hand, was one of the few Highland ladino communities that was originally 
established by a group of Spanish settlers, the descendants of who mixed with, and 
adopted the maize-based subsistence system of, their Mayan neighbors. While many 
residents of both municipio's cabeceras have increasingly engaged in economic and 
social interactions with the greater society, residents of outlying villages and hamlets 
have until recently continued to practice agriculture based on milpa production.
This is the larger human context within which the study takes place. I have not 
spent much time discussing religion and the customs of the two municipios. Due to 
many of the historical processes that I have discussed in the previous passages, these 
are also in a state of flux, and have changed dramatically during the past several 
decades. Such a discussion is beyond the scope of this study, and is covered by 
several others (Mdndez Dominguez 1969; Elbow 1974; Asturias de Barrios 1994; 
Garzon et al. 1998). I will, however, cover local customs in those contexts within 
which they might shed additional light on particular farming practices.
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CHAPTER FOUR 
LOCAL KNOWLEDGE OF SOIL RESOURCES 
4.1 Introduction
Given that this study concerns farmer knowledge and perceptions of soil 
management and degradation, it is perhaps best to begin with farmer assessments of 
soil capacities to support agricultural production. This chapter presents an 
introduction to farmer knowledge of local soil resources, concentrating on local 
systems of soil classification and soil suitability assessment.
4.1.1  The Importance of Folk Knowledge Systems in Studying Land 
Degradation and Development
During the past five decades, folk knowledge systems have received increasing 
attention from ethnologists, geographers, and soil scientists. Since the 1990s, 
international development bodies and several state agricultural agencies in the United 
States have developed an interest in the potentials of folk soil knowledge for 
agricultural development (Warren 1991; Agrawal 1995; Romig et al. 1995). This 
recent interest in indigenous soil knowledge results in part from a frustration with 
failed attempts at instigating conservation-with-development through the use of 
conventional Western approaches (Meehan 1980; Agrawal 1995). In counterpoint 
to this failure of the Western model, advocates of ethnoscientific methods claim that 
traditional farmers have intimate knowledge of agroecosystems and local resources, 
knowledge that is based on personal experiences and shared lore (Wilken 1987). 
Furthermore, they maintain that many traditional farming societies have developed 
complex soil taxonomies that reflect sophisticated assessments of a particular soil's 
capacity to support crops (Conklin 1954; Osunade 1988).
Consequently, many ethnoscientists argue that folk soil knowledge systems 
provide a viable alternative or supplement to the Western model of agricultural 
extension. They maintain that in the latter the relationship between farmers and
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extension agents is a one-way interaction, one that involves passing along 
recommended packages that higher-level experts have determined will fit farmers' 
needs and opportunities, without the benefit of speaking with the farmers themselves 
(Meehan 1980). As I discussed in Chapter One, this approach has had a poor track 
record in many underdeveloped regions. Ethnoscientists also argue that folk 
knowledge systems can help to fill in gaps in scientific knowledge about resources in 
countries, like Guatemala, where funds are lacking to provide resource surveys at an 
appropriate scale for making local resource-use decisions. Additionally, many 
ethnoscientists believe that local and peasant farmers' knowledge concerning soil 
resources can provide environmentally and economically sound approaches to 
improving agricultural productivity (Zimmerer 1994; Sandor and Furbee 1996).
4 .1 .2  Comparisons of Folk and Scientific Soil Classification Systems 
Most recent comparisons of scientific and folk soil taxonomies point out that the 
two share some aspects, but differ in others (Wilshusen and Stone 1990; Zimmerer 
1994; Sandor and Furbee 1996). Folk taxonomic systems are similar to scientific 
systems in that they use such criteria as texture, color, consistence, and thickness to 
differentiate between soil types (Sandor and Furbee 1996). Zimmerer (1994) also 
reports that farmer classification of soils involves the grouping of identified soil types 
into a more or less hierarchical classification system. However, he also emphasizes 
that the two systems differ in the sense that, while Bolivian farmers' soil classification 
does not display exclusive relations of taxonomic membership, scientific classification 
systems do (Zimmerer 1994: 31). Wilshusen and Stone (1990) point out that many 
earlier folk "taxonomies”, such as those provided by Conklin (1957; 1980) and others 
(Rappaport 1968; Waddell 1972; Netting 1968; Dove 1985; Williams and Ortiz- 
Solorio 1981; Ewell and Ewell-Sands 1987) are not true taxonomies. As an example, 
they discuss Carter's (1969) documentation of over 24 descriptive categories for soils
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used by the Kekchi Maya of Guatemala. Wilshusen and Stone (1990) maintain that 
these descriptive categories are not exclusive of one another, and that there is the 
possibility o f480 different combinations of these categories, or 'types' of soil. They 
further note that, "in a re-examination of Carter's (1969) soil 'types' in a different 
K'ekchi community, Wilk (1981: 138-141) found that many of Carter's soil 'types' 
are descriptive phrases (e.g. 'that is reddish soil’) rather than discrete names."
Another way in which folk soil taxonomies have been distinguished from more 
formal scientific taxonomies is that folk systems do not exhibit a clear concern with 
the origin of soils, or in the processes involved in the formation of soils or landscapes 
(Sandor and Furbee 1996). Instead, they tend to emphasize practical, managerial 
aspects important for agricultural decision-making. Sandor and Furbee (1996) 
postulate that the local system in the Colca Valley of Peru is perhaps more closely 
related to use-oriented classifications such as the Fertility Capability Soil 
Classification System (FCC) described by Sanchez et al. (1982) than it is to 
pedology-based systems such as Soil Taxonomy (USDA Soil Survey Staff 1975). 
They note that both the indigenous and FCC systems emphasize surface and 
subsurface soil properties that are directly applicable to plant growth, and that texture 
figures prominently in both systems (Sandor and Furbee 19%: 1511). They 
conclude that indigenous soil classification is sufficient for managing contemporary 
fields with current technologies used by local peasant farmers, but that systems such 
as Soil Taxonomy and the FCC might be beneficial for planning and implementing 
agricultural projects that involve new lands and modem technology. They cite the 
interest in renovating the pre-Colombian terraced fields that were described and 
studied by Denevan et al. (1987) and Treacy (1989) as an example of how the latter 
two classification systems could be used to aid renovation plans, by enabling project 
managers in predicting soil distribution based on soil-geomorphic relationships.
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It is with similar ideas in mind that I set out to obtain a folk soil classification 
system in my study area. My methodology was based on my own belief that we can 
use folk and scientific systems of classification in a complementary fashion to 
enhance agricultural development and conservation schemes. However, I want to re­
emphasize at this point Agrawal's (1995) admonishment that we take care so as not to 
leave local decision-makers out of this process. I will therefore try to maintain an 
interplay between folk and scientific knowledge systems through an explanation of 
local concepts of "hot" and "cold" properties of soils, and my interpretation of how 
these concepts can be related to general edaphic and ecological principles. Hopefully, 
this will provide future opportunities to discuss with local farmers their own 
interpretations of the interplay between these local concepts and formal scientific 
concepts.
4 .1 . 3  The Concept of "Hot” and "Cold" in Latin American Peasant 
Societies
Numerous anthropologists have written about the dual concepts of "hot" and 
"cold" as they apply to human health and medicine (Foster 1953; Currier 1966; 
Ingham 1970; Bode and Richardson 1970). These scholars have traced this dual 
concept to the classical Hippocratic doctrine of the four "humors", which "formed the 
basis of medical theory" (Foster 1953). These four body humors each had two 
attributes: blood was warm and moist, yellow bile warm and dry, black bile cold and 
dry, and phlegm was cold and moist (Currier 1966; Ingham 1970). In a healthy 
body, these attributes were believed to be in equilibrium (Ingham 1970). Illness was 
accordingly attributed to an imbalance between these humors, and cures consisted of 
correcting these imbalances by adding or subtracting heat, cold, dryness, or wetness.
This concept was also applied to other phenomena, including soils (Wilken 
1987; Butzer 1992,1994). Butzer (1994: 30) credits the Roman scholar Julius 
Graecinus (d. a d  39) with "the first explicit application" of the theory of humors to
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soil properties. Varro (116*27 bc), however, was the first to invoke the theory of 
humors for soil management (Butzer 1994). The Islamic authors Ibn Wafid, Ibn 
BasstU, and Ibn al-Awwin introduced a more refined application of humoral theory to 
soils and soil management to the Iberian peninsula during the florescence of the 
Andalusian intellectual tradition that occurred between approximately ad 950-1175 
(Butzer 1994). It is from here that European concepts of the humoral theory were 
eventually transmitted to the New World.
Widespread use of the "hot/cold" concept in Latin America has been traced to 
the early Contact period (Foster 1953). Apparently, the medicinal concept of "hot" 
and "cold” was transferred to New World peasants when Spanish priests and other 
educated colonists were often called upon to care for the sick (Foster 1953). 
According to Foster, Spanish medical practices at the time of the Conquest were still 
based upon the teachings of Hippocrates, Galen, Avicena, and other experts from the 
Gassic and Arabic periods. Foster also contrasts the survival of these concepts in 
modem Latin America with the situation in the mother country where, he claims, only 
the most tenuous concepts of hot and cold could be found among the peasants, who 
were otherwise very superstitious (Foster 1953). Evidently, "hot/cold" theory was 
readily adopted in the New World because of its compatibility with indigenous world 
views based on dualism and principles of balanced opposition (Madsen 1955; 
Cosminsky 1976; Logan 1977; Ldpez Austin 1980). In the pre-Conquest New 
World, the maintenance of equilibrium was also considered essential in maintaining 
health (Orellana 1987). The "wet/dry" aspect of Classical humoral theory apparently 
enjoyed less widespread adoption in the New World, possibly because wet/dry 
concepts were not as important during the pre-Contact period (Orellana 1987).
One might surmise that the transfer of the concepts of "hot" and "cold", as they 
applied to soils and related phenomena, occurred through similar mechanisms of
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diffusion. The Spanish policy of Congregacidn was carried out primarily through the 
establishment of Catholic missions. In addition to converting the native population, 
these missions were also involved in more mundane tasks related to agriculture and 
the management of church properties and tithes. It is very likely then, that the concept 
of "hot" and "cold", as it applies to soils and crop production, was also passed on to 
New World peasants through these contacts.
As with folk medicine, the basic logic of "hot" and "cold" applied to agriculture 
and soils is based on achieving a balance. Wilken (1987) mentions the concept only 
briefly, but maintains that Middle American fanners considered chemical fertilizers to 
be "cold," in contrast to animal and green manures, which they considered to be 
"hot". Thus, "cold" chemical fertilizers needed to be balanced with the application of 
organic materials. My own research on the topic of "hot" and "cold" concepts 
applied to soils and soil fertility management indicates that farmers in Comalapa and 
Zaragoza, at least, have a much more sophisticated concept of how "hot" and "cold" 
relate to soils, soil fertility, and fertilizers, both chemical and organic. I will present 
my findings on local conceptions of "hot" and "cold" in a later section of this chapter.
4 .1 .4  Field Methodology
In Chapter One, I outlined the methodology that 1 followed when eliciting local 
soil classification and suitability categories from the farmers who accompanied me to 
visit different soil profiles in Aldea Las Colmenas (Jlu and Eaj), Aldea Las Lomas 
(Gc), Caserfo Los Chilares (Clc), Caserfo Chirinjuyu (Clc), Aldea Paquixfc (Jgx, 
EmMa, and JMa), Caserfo Pachitur (Syo), and Caserfo Pamumus (Dpp and Epp). I 
decided to visit road cuts rather than farmers' fields primarily due to the difficulty that 
would be involved in gaining access to a sufficient number of fields that were located 
in different geomorphic settings. Second, I chose this method because I wanted to 
determine how farmers perceived lower soil horizons that they might not normally
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encounter in their fields. Third, I wanted to find out whether fanners actually did 
have an understanding of three-dimensional, geomorphic, and geographical 
relationships among various soil horizons and soil development sequences. Given 
the limited time and resources that I had to conduct this portion of the study, and 
given that it was not in the original research outline, much of the data and 
relationships that I present in this chapter are preliminary. However, they provide a 
good starting point for a more thorough study to be conducted in the future.
4.2  Terminology
4.2.1  Kaqchikel Terminology
4.2.1.1 Soil Color
Table 4.1 provides a list of Kaqchikel terms that assistants from Pachitur, 
Pamumus, and Paquixfc used to describe local soil types. As is clear from this list, 
most of the descriptive terms refer to soil color. As Wilshusen and Stone indicated, 
many of the terms are descriptive phrases, rather than terms used to differentiate soil 
types. However, my assistants used some terms, such as q'aq' ulew (tierra negra), 
kdq ulew (tierra roja), q'tin ulew (tierra amarilla), in a general sense to differentiate 
between larger classes of soil types. They would then further refine them by adding 
one of the other descriptors for texture or structure. Thus, terms like q'dn ulew 
barrial (approximates "clayey yellowish loam") and q'ana' q'aq' ulew (approximates 
"clayey black loam") actually represent particular soil types that have identifiable 
properties (Table 4.2).
4.2.1.2 Soil Texture
Texture, however, is the primary property that my assistants would use to 
differentiate between various types of soil, and their uses. Apparently, the Kaqchikel 
term for clay, q'ana' (Cojti Macario et al. 1998), is not widespread among local 
farmers. Only the farmer from Pamumus (Dpp) used this term, while the Paquixfc
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Table 4.1: Terms used in local soil nomenclature by my Kaqchikel assistants.*
Folk Texture Spanish English
barro barro clay
q'ana' barro clay
poqoldj (flojo/a) polvo powder
sanayi' arena sand
ulew tierra earth (loam)
Folk Color Spanish English
(sdq-poroj) bianco quemado burnt white
ca.fi cafi brown, to reddish brown
kaq rojo/a red
kaqkdj rojizo reddish, ruddy
q'dn amarillo/a yellow
q'anq'dj amarillento light yellow or tan coloration
q'aq negro/a black
q'iiq jub'a' moreno (dark) brown
q'eqq'bj negruzco Blackish (dark gray)
sdq blanco/a white
Folk Soil Structure Spanish English
ixim granosa (cdmo mail) granular (like maize)
kuj (kffj) kik tronco trunk/trunk-like (prismatic)
kowltij duro hard
M odifiers
algo llegandoa somewhat
arenosa con arena sandy
con contiene contains
floja polvillo silty (coarse)
k'oj (q'oj) claro light (in color)
piedrosa con piedra stony
r-tal ya' seUadeagm sign of water
wik'in con (mixed) with
Other Terms
xaq piedra (weathered) rock
ab'aj piedra rock
Ruq'ayisal che' Abono de los arboles Leaf litter (humus)
chaj ceniza, descolorido ashes (charcoal)
♦My assistants often provided Spanish terms when they did not know the appropriate 
Kaqchikel terms.
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Table 4.2: Common soil term combinations provided by my Kaqchikel assistants.
Local Soil Terms
barro negro
q'ana' ulew
ixim q'dn ulew
ixim q'dq ulew
ixim ulew
q'dn ulew (barrial)
q'dn ulew (suave)
q'dn ulew (floja)
q'dq ulew
q'dn q'dq ulew
q'dq ulew barrial
q'dq sanayi' ulew
sanayi' ulew
ulew q'dq k'oj (q'dq k'oj 
ulew)
q'dn k'oj ulew 
kdq ulew
kdqa-sanayi' ulew 
kowldj ulew 
poqoldj ulew 
sanayi' 
sanayi' ulew 
xdq ulew 
kujkik ulew 
sdq ulew 
sdqpor
xdq ab'aj, morixut ab'aj 
ruq'aysal che'
Spanish English
barro negro black clay
barro or tierra barrial clay or clay loam
tierra amarilla granosa granular yellow (brown) loam
tierra negra granosa granular black loam
tierra granosa granular loam
tierra amarilla barrial yellow clay loam
tierra amarilla (suave) (soft) yellow (brown) loam
tierra amarilla (floja) (weak) yellow loam
tierra negra black loam
tierra negra amarillada dark yellow-brown loam
tierra negra barrial clayey black loam
sandy black loam 
sandy loam 
dark (gray) clay loam
tierra negra arenosa 
tierra arenosa 
gris (obscuro)
tierra amarilla claro 
tierra roja 
tierra roja arenosa 
cascajo/barro duro 
tierra polvosa 
arena
tierra arenosa 
tierra piedrosa 
cascajo 
tierra blanca 
tepetate
cascajo, selecto 
broza, tierra abonada
light yellow loam 
red clay 
sandy red clay 
duripan or fragipan 
dusty soil (fine sand) 
sand
sandy loam 
stony soil
stony soil or tepetate 
white loam 
regolith
weathered ash, Andisol 
Litter, humus
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fanners (EmMa and JMa) insisted that there was no term for clay in Kaqchikel. Some 
local sources insisted that q'ana1 is only a conjunctive form of the color term for 
yellow (q'dn). According to this interpretation, the term q'ana' ulew simply 
translates to tierra amarilla, or "yellow soil". However, one definition of the Spanish 
phrase tierra amarilla is "red clay" (MacHale et al. 1984), which would therefore 
agree with both interpretations. Since Dpp used the term q'ana' consistently to refer 
to a clayey soil, and consistently used the color term q'an to refer to a "yellow soil", 
which may or may not clayey (Table 4.2), I include the term in my list of textural 
descriptors, in addition to the Spanish term "barro" that was consistently used by my 
assistants from Paquixfc.
The Kaqchikel term ulew can mean several things, depending on the context 
For instance, the combined term ruwi' ulew refers to soil in general (Cojti Macario et 
al. 1998). However, local farmers usually dropped the first portion of the term when 
referring to particular soil or sediment types. After several field excursions with my 
Kaqchikel assistants, and in subsequent months of analyzing the context within which 
they used the term, 1 also came to see ulew as a textural reference to loams: q'aq' 
ulew (black loam), q'ana' q'aq ulew (yellowish black clay loam), and so on. When 
my assistants referred to sediments other than those that had a loamy texture, they 
would drop the term "ulew" from their descriptions. Thus, a clay would be barro, a 
sand would be sanayi', and a silt or fine sand would be poqoldj. However, this 
distinction breaks down when the term q'ana' is used, since Dpp did not use q'ana' 
in isolation, but only in combination with ulew to form the compound term "q'ana' 
ulew" (clay or clay loam).
4.2.1.3 Soil Structure
In addition to color and textural distinctions, the Kaqchikel farmers supplied 
two terms that referred to soil structure. Ixim refers to a soil structure that best
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corresponds to a fine to medium granular or subangular btocky structure. The 
Kaqchikel term ixim refers to maize, and refers to the similarity the soil peds' 
appearance and that of maize grains.
The second term, supplied by the Pachitur farmer (Syo), is kuj (or koj) kik, 
which translates to tronco, or "trunk". The fanner used it to describe a subsoil 
horizon that had a prismatic structure.
Another term, kowlaj does not truly describe soil structure, rather it refers to 
soil consistence, and indicates a hard soil that is difficult to work with an azadtin.
The Spanish equivalent used by locals is cascajo, which I will discuss further in the 
next section on Spanish terms used by my ladino assistants.
4.2.1.4 Modifier Terms
In addition to terms signifying the predominant color, texture, or structure, my 
Kaqchikel assistants also used modifier terms when describing a particular soil or 
sediment As mentioned earlier, they would modify the dominant soil term with a 
Spanish term like arenosa (sandy), piedrosa (stony), or barrial (clayey). When asked 
to supply names in Kaqchikel only, assistants used the term wik'in (with) to combine 
terms to provide a textural or color combination like q'aq' ulew wik'in sanayi '
(black loam with sand), or q'Sn ulew wik'in k&q ulew (yellow loam with red clay).
In Pachitur, we encountered several profiles that were near small streams or 
springs. The lower horizons of these soils exhibited several redoximorphic features, 
such as iron and manganese nodules, reddish mottling, etc. Syo referred to these 
horizons as retalya' (water sign), and mentioned that these features indicated 
proximity to the water table.
4.2.1.5 Related Terms
My Kaqchikel assistants also used terms that are not directly related to soils or 
sediments, per se, but describe other materials related to soils. These include the
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terms xdq (rock or weathered rock material), ab'aj (rock), Ruq'aysal che1 (leaf litter 
or humus), and chaj (ashes).
According to Cojti Macario et al. (1998), the term xiiq translates to the Spanish 
term piedra, for rock or stone. Yet most locals that I interviewed, including my 
assistants, used xaq for tepetate or cascajo. When referring to actual rock materials, 
they used the term ab'aj, instead.
Two other terms referred to organic materials associated with local soils. The 
term ruq'ayisal che' refers to leaf litter or humus (O horizon and upper A horizon). 
The term chaj (ashes) was used by the Pachitur farmer to refer to burnt wood 
residues found in one profile near the Pachitur school.
4 .2 .2  Ladino Terminology
In some ways, the boundary between Kaqchikel and Spanish soil terms may 
be an artificial one. Most of my Kaqchikel assistants used a mixture of Spanish and 
Kaqchikel terms to describe local soils. They at first used Spanish names for most 
sediment types, until I specifically asked that they provide Kaqchikel names. 
Likewise, the farmer from Las Lomas who accompanied me (Clc) was an individual 
who might be described as transitory between a Kaqchikel and a Ladino. He 
provided all local terms in Spanish, however. Furthermore, he used many terms that 
were not used by the Kaqchikel farmers from Pamumus or Paquixfc, but were used 
by the Las Colmenas farmers. Yet, his wife dressed in Kaqchikel traje, and he kept 
stingless bees, indicating that his family still maintained several Mayan customs. 
Meanwhile, his son dressed and acted more like a ladino than a Kaqchikel, which is 
an admittedly subjective observation.
Both my Kaqchikel and ladino assistants provided specific terms that referred to 
particular soil types that were not provided by the other group, however. Therefore, I 
am going to provide a list of descriptive terms, in Spanish, that were used by the two
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ladino fanners from Las Colmenas (Jlu and Eaj), and that were also used by the Las 
Lomas fanner (Clc).
4.2.2.1 Color Terms
Like my Kaqchikel assistants, my ladino assistants used a number of color 
terms to describe different soil or sediment types (Table 4.3). Most of these terms, 
such as negro/a (black), amarillo/a (yellow), and blanco/a (white) have Kaqchikel 
equivalents that were used in Pachitur, Pamumus, and Paquixfc. Other terms, such 
as acholado/a, sangre de chivo, and sangre agrumado, were unique to Las Lomas and 
Las Colmenas.
The color term acholado/a refers to a dark reddish brown coloration. The term 
comes from cholo, which is a formerly derogative term that refers to a ladinoized 
Indian or someone of mixed European-Indian descent. Sangre agrumado likewise is 
a color term that one farmer from Las Colmenas (Jlu) used to refer to a dark reddish 
brown. The term sangre de chivo is used to refer to a reddish brown to strong brown 
clay to clay loam. This soil type is considered productive by the older Las Colmenas 
farmer (Eaj). All three of these farmers (Jlu, Eaj, and Clc) were consistent in naming 
this as a specific soil type.
4.2.2.2 Soil Texture
Spanish terms for soil or sediment texture that were used by my assistants in 
Las Lomas and Las Colmenas corresponded with Kaqchikel textural terms used in 
Pachitur, Pamumus, and Paquixfc. These terms include barro (clay), tierra (loam), 
arena (sand), and polvillo (powder).
My ladino assistants used the Spanish term tierra in different contexts, just as 
my Kaqchikel assistants used the term ulew. They used the term tienra to refer to 
land, or to soils in general. However, when they referred to specific soil textural 
types, they apparently used the term tierra only for soils that had what my assistants
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Table 4.3: Spanish terms used in local nomenclature in Las Colmenas, Las Lomas
and Chirinjuyii
Folk Texture English
barro clay
tierra loam
arena sand
polvillo coarse silt or fine sand
piedra rock
piedrfn pebbles
Folk Color English
negro/a black
rojo/a red
Colorado red, reddish
gris gray
amarillo/a yellow
blanco/a white
acholado/a yellowish-red
sangre agrumado dried blood
caff brown
Specialized Names
sangre de chivo 
tepetate 
cascajo 
selecto 
roca madre 
roca tierra
Modifiers
arenoso/a
amelcochado/a
banial
polvoso/a
polvilloso/a
acerado
de cidnega
English
Oxblood colored clay 
hard pan
stony soil, tepetate 
A soil sediment that contains pumice 
parent material 
regolith
sandy
signifies a sticky clay
clayey
silty/sandy
silty/sandy
very hard
Denotes an area associated with a 
spring, bog
considered to be a sediment that has an intermediate texture similar to that of a loam. 
Thus a tierra negra would be the local equivalent of a black loam. Meanwhile local 
fanners would use the term tierra arenosa to describe the local equivalent of a sandy 
loam.
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4.2.2.3 Soil Structure and Consistence
Unlike my Kaqchikel assistants, none of my Ladino assistants used terms that 
referred specifically to soil structure. They did, however use two terms that refer to 
soil consistence: acerado and amelcochado. They used both of these terms as 
modifiers to refer to specific properties associated with clayey soils. The term 
acerado comes from the Spanish word for steel, and refers to the clays' hardness, 
especially when dry. Amelcochado, on the other hand, refers to a type of sweet meat 
that is made of honey, which is sold in local markets. Thus, they call this particular 
soil type, which is a sandy clay loam to sandy silt loam, barro amelcochado because it 
tends to stick to farmers' hoes when moist Conversely, like barro acerado, barro 
amelcochado becomes very hard upon drying.
4.2.2.4 Modifiers
Like my Kaqchikel assistants, my ladino assistants also combined terms to 
describe soil types (Table 4.4). I have already discussed the use of amelcochado and 
acerado to denote clay consistency. These farmers also combined terms like 
arenoso/a, polvoso/a (powdery), polvillo/a, and barrial with a sediment's 
predominant properties to create a compound name: tierra negra arenosa (sandy 
black loam), tierra negra barrial (black clay loam), barro negro (black clay).
The Las Lomas farmer (Clc) also referred to a particular sandy loam as tierra de 
cidnega. The sediment was predominantly a sandy loam or sand, and he indicated 
that it was usually associated with cidnegas, i.e., springs or boggy areas.
4 .3  Local Soil Types
4.3 .1  Kaqchikel Villages
4.3.1.1 Hill Soils
Q'dq ulew (tierra negra, or black loam) is a loam to silty clay loam with 
medium to coarse granular to very fine to medium subangular blocky soil structure
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Table 4.4: Combinations o f descriptive soil terms commonly used in Las Colmenas, 
Las Lomas and Chirinjuyti.
Folk Name English
barro clay
barro negro black clay
barro arenoso sandy black clay
barro polvoso powdeiy clay
barro Colorado reddish clay
barro sangre de chivo oxblood colored clay
barro acerado hard clay
barro amelcochado Sticky clay
tierra negra black loam
tierra negra barrial black clay loam
tierra negra arenosa sandy black loam
tierra negra polvosa silty/sandy black loam
tierra amarilla yeliow(brown) loam
tierra amarilla amelcochada sticky yellow clay loam
tierra polvilla (polvosa) powdery loam
tierra blanca White loam
tierra gris Gray loam
tierra arenosa Sandy loam
cascajo Stony soil (tepetate)
talpetate/tepetate tepetate, rock mat
talpetate amelcochada sticky talpetate
(Appendix E.1). It tends to be very friable, especially when moist. Soil color ranges 
from 7.5YR3/4 to 4/4 (strong brown) when dry to 10YR2/2 (very dark brown) when 
moist Q'dq ulew is generally associated with the A horizon. Farmers value it for its 
moisture-retention properties. However, these same properties lower its value for 
producing maize, because these soils tend to waterlog, and are primarily associated 
with shaded areas on hillsides. Both factors reduce the production of maize, which is
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a sun-loving plant that does not flourish in overly moist soils. However, farmers do 
prize these soils for vegetable and flower production.
Q'ana' ulew, and/or q'dn ulew barrial, is a silt loam to silty clay loam with a soil 
structure that ranges from fine to coarse subangular blocky or coarse prismatic. Color 
ranges from 7.5(5)YR5/6 (yellowish red to strong brown) to 7.5(5)YR3/3 (dark 
brown to dark reddish brown) dry to 5YR4/6 (yellowish red) to 7.5YR3/4 (dark 
brown) moist. This folk soil type is generally associated with the B horizon of non­
degraded soil profiles. Fanners consider these to be productive, although their higher 
clay content means that they tend to be sticky during the rainy season and hard during 
the dry season. Farmers' main complaint is that these soils are hard to work. 
Otherwise, they consider them to be good for milpa. Generally, my assistants 
considered these soils productive if we encountered them above a depth of 100 cm. 
Below that, they were considered unproductive, and in need of improvement.
Ixim ulew is a silty clay loam to clay loam with fine to very coarse subangular 
blocky structure. It tends to be friable, due to high organic matter content Color 
hues include 5YR, 7.5YR, and 10YR. Values and chromas range from 7.5YR5/6 to 
10YR4/2 dry, and from 10YR3/6 to 7.SYR2.S/2 moist Ixim ulew is generally 
associated with A horizons of non-degraded soils, but can occur to a depth of 100 cm 
or more. My assistants consider this the best all-around soil type, especially for 
producing subsistence crops. The combination of finer texture with a generally high 
organic matter content unites the positive properties of high cation exchange capacity 
with good workability. Apparently, these soils are also less prone to water logging 
than the q'dq ulews, probably because they are usually found in sunnier locations 
than the latter. According to my assistants, a farmer can produce an ixim ulew from a 
q'an (q'ana') ulew by cultivating it thoroughly while incorporating organic matter into 
the soil, over a period of several years. Thus, in some instances an ixim ulew might
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be considered an anthrosot. However, ixim ulew also occurs under natural 
vegetation.
Sanayi' ulew (sandy soil or loam) is a sandy loam to sandy clay loam. 
Structure ranges from granular to coarse subangular blocky. It is generally light in 
color, with a hue, value, and chroma of 7.SYR7/2 (pinkish gray) when dry. This 
sediment type is generally associated with multi-sequum profiles, which contain 
volcanic ash deposits that are separated by soil horizons. This sediment thus often 
represents an intermediate stage between weathered ash and true soil development 
Sanayi' ulews are generally considered unproductive, unless mixed with organic 
matter. A sanayi' ulew with high organic matter content is known as a q'aq sanayi' 
ulew (black sandy loam). The latter can be considered very productive, and is 
preferred for root crops such as potatoes and carrots, since it tends not to cling to the 
tubers as much as do the q'ana' ulews and q'dn ulews.
Sanayi' (sand) is a sand to loamy sand that has weak coarse granular to coarse 
subangular blocky structure. Color ranges from 7.5YR7/2 to 10YR7/3 (Pinkish gray 
to very pale brown) diy to 10YR4/6 (yellowish brown) moist. This is essentially a 
sandy textured, unconsolidated dacitic ash that ranges from slightly to highly 
weathered. Pieces of pumice are common. Since dacite is low in most base cations,1 
these are considered useless for crop production. If it contains pumice, however, it 
can be used to make plaster for covering house walls, or it can be mixed with clay for 
making roofing tiles. The Pamumus farmer (Dpp) indicated that the presence of 
pumice is also a sign of water.
Poqoldj ulew (powdery loam) is a coarse silty to fine sandy sediment with 
weak medium to coarse subangular blocky structure. This appears to be a finer- 
textured version of sanayi' ulew and sanayi', in that it appears to be more of an ash
1 A positively charged ion.
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deposit than an actual soil. It is also considered to be very poor for crop production. 
Even adding organic matter is considered to have little effect in improving its 
productivity.
Kdq ulew is a sandy clay loam to clay with a distinctive red coloration and 
medium subangular blocky to medium prismatic structure. Color ranges from 
2.5YR4/4 to 2.5YR3/2 (dusky red) dry to 2.5YR2.5/4 (very dusky red) moist. 
According to most farmers, this horizon has no uses whatsoever, since it is not even 
considered good for making roofing tiles. This soil type appears to contain high 
amounts of iron and aluminum oxides (hence the deep red coloration), and might be a 
lateridc horizon.
Ktijkikulew, xdq ab'aj and xdq ulew are different terms for similar materials 
that fall within the general category of tepetate or cascajo. Although farmers consider 
these sediments to be marginal for crop production, they maintain that xdq can be 
made productive by picking it thoroughly, then deep hoeing it to mix in organic 
matter. After several years of intensive management, it would become a xdq ulew, 
which is considered a soil type. Likewise, koj kik ulew can be made productive, 
given enough labor, time, and patience.
4.3.1.2 Valiev Soils
There are only two types of soils that my assistants mentioned for valley soil 
sequences in Paquixfc. This reflects the fact that most of the lands in this area are 
sloping, and none of my assistants themselves owned land in the valleys, although 
one (Jgx) rented a couple of cuerdas next to his house, in Paquixfc's main valley.
Q'dq ulew is a deep loamy (50-130 cm thick) A horizon with very fine granular 
structure. Dry color is 7.5YR4/4 (brown). This soil is considered good for most 
crops. Valley soils are highly prized because they can usually produce more than one 
crop per year without irrigation, yet rarely become waterlogged during the rainy
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season. As late as mid-January, one can dig beneath the surface of what appears to 
be a dry soil, and encounter moisture within 10-20 cm of the surface. This is why 
farmers will often plant these valley soils as early as April, since they may still have 
moisture that is available for germinating maize plants.
Q'dn ulew on the valley floors differs from q'dn ulew on the hillsides, in that it 
has a sandy loam to loam texture. My assistants considered it to be generally 
unproductive. They claimed that this type of soil required heavy organic matter 
applications to be made productive.
4 .3 .2  Ladino Villages
4.3.2.1 Hill Soils
Tierra negra (black loam) is a loam to silty clay loam. Structure ranges from 
very fine granular to coarse granular, to very fine to coarse subangular blocky in 
some instances (Appendix E.2). Dry color ranges from 7.5YR5/4 (brown) to 
7.5YR3/2 (dark brown), while moist color ranges from 7.5YR3/3 (dark brown) to 
7.5YR2.5/2 (very dark brown). This is an A horizon that ranges from IS to 90 
centimeters thick, being thicker in depositional positions and thinner in erosional 
positions. It has high organic matter content, and is considered good for most crops. 
Farmers like it because it is easy to hoe, even during the dry season.
Tiara negra barrial (clayey black loam) is a silt loam to clay loam. Dry color 
ranges from 10YR5/4 (yellowish brown) to 7.5YR3/3 (dark brown) and moist color 
ranges from 5YR4/4 (brown) to 7.5YR2.5/3 (very dark brown). It has a high 
organic matter content and is considered good for all types of crops. Layers closer to 
the surface have a finer structure, due to constant hoeing. This might be the local 
equivalent of what my Kaqchikel assistants call ixim ulew.
Barro (clay) has a sandy clay loam to clay texture with structure ranging from 
fine to very coarse subangular blocky, to prismatic in some instances. Dry color
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ranges from 7.5YR6/6 (brownish yellow) to 7.5YR3/4 (dark brown). The farmers 
who accompanied me distinguish barros by color, giving names such as barro gris 
(gray clay), barro amarillo (yellow clay), barro negro (black clay) barro Colorado (red 
clay), and barro sangre de chivo (Oxblood-colored clay). They also provided several 
terms that referred to consistence and workability, including barro acerado (steely 
clay), barro amelcochado (sticky clay) and barro con cascajo (stony clay or "clay that 
contains tepetate"). Barros in general are considered productive. Certain types of 
barro, such as barro negro arenoso and barro sangre de chivo, are considered 
especially productive, while others, such as barro Colorado and barro polvoso, are 
considered unproductive.
Tierra arenosa (sandy loam) is a sandy loam to sandy clay loam. Color ranges 
from 2.5YR4/6 (dusky red) dry to 5YR6/4 (light reddish brown) moist. Overall, 
farmers do not consider tierra arenosa to be productive, unless it has high 
organic matter content, in which case it becomes tierra negra arenosa (sandy 
black loam).
Tierra polvilla (powdery loam) is a loam to clay loam with a weak very fine to 
very coarse subangular blocky structure. Color ranges from 10YR4/4 (brown) to 
7.5YR3/3 (dark brown) dry, and from 5YR4/6 (yellowish red) to 7.5YR3/3 (dark 
brown) moist. My assistants considered these to be unproductive, except those that 
had high organic matter content, which they referred to as tierra negra polvilla 
(powdeiy black loam). Otherwise, only heavy applications of organic matter could 
make these soils productive.
Tierra blanca (white loam) is fine sand to loamy sand with no structural 
development. This is essentially a weathered ash. Due to its low base cation content, 
this is considered a poor soil that is good only for plastering walls, although the 
younger fanner (Jlu) mentioned that he would mix it with manure to put in bags for
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bis coffee seedlings. He claimed that sandier sediments allowed the seedlings' roots 
to develop more rapidly.
Cascajo is a general term used for a hardpan or stony soil. Most often, my 
assistants used cascajo to refer to tepetate-like materials. However, the Las Colmenas 
farmers used the term tepetate, or talpetate, to specify weathered tuff materials when 
we encountered them in exposed locations. Although most farmers indicated that 
fields were abandoned when erosion exposed cascajo or tepetate layers, we 
encountered several instances where fanners had rehabilitated fields that had been 
thus degraded. According to my assistants, once these hardpans had been picked and 
hoed thoroughly, and plenty of organic matter applied, cascajo or tepetate could be 
very productive. However, they indicated that this is not common practice locally, 
and is only done for small parcels.
4.3.2.2 Valiev Soils
Topsoil horizons for three of the four profiles described in Chirinjuyti, Las 
Lomas, and Las Colmenas are tierras negras. They are loams to silty clay loams with 
fine to coarse subangular blocky structure that parts to very fine to medium granular. 
Dry color ranges from 7.SYR4/3 (brown) to 7.5YR3/2 (dark brown), and moist color 
ranges from 5YR2.5/2 (dark reddish brown) to 7.SYR2.5/2 (very dark brown). 
Thickness ranges from 30 to 80 cm. These are considered productive soils.
The fourth valley profile we sampled was at the edge of the main valley in Las 
Colmenas, which was not cultivated at the time, except for one parcel devoted to 
milpa. My assistants called the topsoil horizon a barro sangre de chivo con tierra 
negra. Soil texture is a sandy loam, with medium to coarse subangular blocky 
structure. It is considered good for all types of crops. My assistants said that it is 
easy to work, and that it maintains soil humidity well. Below this is barro negro 
arenoso, which is a dark reddish brown (5YR2.5/3) sandy clay loam. My Las
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Colmenas assistants also considered this to be a  potentially productive soil. The older 
farmer (Eaj) said that it had "more force" than the overlying soil layer.
Most tierras barriales on the valley floor are found in subsoil horizons at depths 
from 60 to 150 cm. Generally, these sediments are considered poor, except when 
they contain sangre de chivo, which purportedly improves their productivity.
4 .4  Comparative Soil Fertilities and Soil Suitabilities
4 .4 .1  Kaqchikel Villages
4.4.1.1 Rankings Based on Farmer Comparisons
Table 4.5 presents a ranking of soils based on comments concerning fertility 
and hot/cold properties provided by my Kaqchikel assistants. Most of these rankings 
are based upon the Paquixfc excursions, which is corroborated by information from 
the Pachitur and Pamumus excursions. Information in this table includes Kaqchikel, 
Spanish, and English versions of folk soil categories, my field determination of 
sediment texture, folk fertility (productive, marginally productive, and unproductive), 
farmers' categorizations of hot or cold properties; and farmers' indications of the best 
uses for each folk soil category in the list.
In general terms, flner-textured soils, such as clays, clay loams, and silt loams 
(q'ana1 ulews and q'an ulews) are considered more fertile, while coarser-textured 
soils are considered less fertile. However, farmers also point out the less desirable 
aspects of such fine-textured soils: they are hard to work with hand implements.
Local clays tend to dry out to a brick-like consistency when dry, and stick to farmers' 
hoes when wet Due to the lower permeability of these finer-textured soils, milpa 
crops can suffer from wilting if rains come late, or the cankula (a short dry period 
that normally occurs between July and August) lasts longer than normal.
The loamy textured soils, such as q'dq ulew, are valued for their workability, 
yet are considered less productive for most subsistence crops. As mentioned earlier,
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Table 4.5: Comparative folk fertilities of common farmer-identified soil types in 
Paquixfc and Pamumus.
L ocal Nam e 
(Kaqchikel)
barro cate  barro ca te
barro rojo 
ramq'ibi 
ulew  
tximq'ilq 
ulew
ixim s4q ulew
ixim ulew 
ixim ulcw  
barrial cate
barro rojo 
tierra am anlia 
granosa 
tierra negra 
granosa 
Qerra bianca 
granosa
tierra granosa 
Oerra granosa 
barrial ca te
q'iln ulew tierra am arilla
q'Sn ulew 
barrial
xak
q'an q'aq ulew 
q'aq ulew 
q'aq ulew
kaq ulew
q'an ulew 
flo ja
sanayi'
s iq  ulew 
saq ulew 
arenosa 
tie rra  
p iedroza
tierra am anlia  
barrial
tepetate/ 
cascajo 
tierra negra 
am arillada
tierra negra 
tierra negra
tictra roja
oerra am anlia  
polvilla
arena
tierra bianca
Oerra bianca 
arenosa
tierra piedroza
E a g M
brown clay
red clay 
granular yellow 
loam 
granular black 
loam 
granular wbite 
loam
granular loam 
brown clayey 
granular loam
yellow loam
clayey yellow 
loam
rock mat or 
stony soil
yellowish Mack 
loam 
black earth 
(topsoil) 
black earth 
(topsoil)
red earth 
dusty yellow 
loam
sand
white loam 
sandy white 
loam
stony soil
F ie ld  Tex ture*
Hot/
F o lk  F ertility  Cold
d ay -c lay  loam productive Hot
clay productive Hot
clay loam productive Hot
c lay  loam-silty 
clay loam productive Hot
silty  clay loam productive Hot
silty  clay loam- 
clay loam productive Hot
d ay -c lay  loam productive Hot
silty  clay loam
m arginally
productive Hot
clay loam productive Hot
w eakly cemented 
silt loam
norm ally
unproductive
Hot
silt loam productive Cold
silty  clay loam- 
loam productive Cold
silt loam 
d ay -silty  clay 
loam
m arginally
productive
unproductive
Cold
Cold
silt loam-sandy Hit 
loam unproductive Cold
sand unproductive Cold
sandy silt loam- 
fine sand unproductive Cold
sandy loam-sand unproductive Cold
pebbly sand unproductive Cold
traditional crops: milpa, beans, 
tom atoes, fava beans 
m ilpa. beans, tom atoes, lava 
beans, other traditional crops
M ost crops
traditional crops: milpa, beans, 
tom atoes, fava beans 
traditional crops: milpa, beans, 
tom atoes, fava beans 
U itlicult to work, but made 
productive by breaking up and 
mixing in organic amendments.
V egetable crops
(when underlain by q 'an ulew
floja). Some vegetable crops
No known use.
N eeds heavy applications ol 
organic m aterials to  produce. 
M ixed with clay to  m ake rooting 
tiles o r plaster for covering walls. 
Mixed with clay to  make tooling 
tiles o r  stucco.
Mixed with clay to  m ake rooting 
tiles o r stucco.
N o uses given.
because of their greater tendency to waterlog, especially in shadier locales, q'aq ulews 
are not considered to be as good for milpa as are the q'ana' ulews. However, local 
farmers generally prefer the q'aq ulews over other soils for growing vegetables and 
flowers. This is due to their water-retention properties and higher organic matter 
content relative to other local soils.
This is also the reason why the ixim ulews are considered to be the best all- 
around soils, and why farmers will pay higher prices for land that contains ixim 
ulews. Fanners claim that this is because of the ixim ulews' high clay and organic 
matter contents, which gives them "more force". This is combined with good soil
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structure, which makes them easier to work, because they behave as if they were 
coarser-textured.
Most of the other soil types in the list are not considered productive. Generally, 
they are coarser-textured, lower in organic matter content, infertile, and/or hard to 
work. The "weak" (floja) sediments like q'an ulew floja, q'aq ulew floja, sanayi', 
and saq ulew are poorly developed ash deposits that have lower organic matter 
contents, and less clay development As a result they tend to have lower cation 
exchange capacities. The k&q ulews are nearly pure clays. Yet their deep red 
coloration indicates high amounts of iron and aluminum oxides. They also are 
exceptionally sticky when wet, and hard when dry. As an example, one of the farm 
plots used during the erosion comparisons that I discuss in Chapter Seven contains 
khq ulew in the B horizon, and at depths as shallow as 15 cm. The maize plants in 
those portions of the plot where this horizon occurred near the surface were stunted, 
and the crop was eventually abandoned, which indicates my assistants' assessment 
of kaq ulew is correct
XSk may be the exception to the general consensus that soils in this category are 
unproductive. All farmers I spoke with indicated that xak, at least that which 
corresponds to the local Spanish term for tepetate (cascajo), is a "hot" soil, meaning it 
is good for crop production.2 Most farmers indicated that the main problem with 
xhk/cascajo/tepetate is that it is difficult to work with a hoe. However, several 
fanners had personal experiences in which they, or their neighbors, had invested the 
time and energy to work these soils with a mattock or pick, followed by deep hoeing 
and several years' worth of working organic materials into the soil. The result of 
such efforts, according to most farmers that I spoke with, is a very productive soil for 
most crops.
2 See the following section on "hot" and "cold" properties of soils.
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4.4.1.2 Laboratory Analyses
Tables 4.6 and 4.7 present the results of laboratory tests conducted on selected 
samples collected during elicitation of the folk taxonomies. All of the samples are 
from surface horizons, representing that portion of the soil profile of most importance 
from the perspective of crop fertility maintenance. As a result, subsoil fertility is not 
represented. Even were I to have analyzed samples from subsoil horizons, 
comparisons with farmer assessments may not have been particularly informative, 
since most farmers' assessments of a subsoil horizon's fertility, or lack thereof, is 
based on their estimates of its productivity after being worked.
Table 4.6 represents a sort on estimated cation exchange capacity, while Table 
4.7 represents a  hierarchical sort on P, K, and then on estimated cation exchange 
capacity. A glance at these tables indicates that, overall, my Kaqchikel assistants' 
assessments of comparative soil fertilities correlate reasonably well with general 
indicators of soil fertility. The soil and sediment types that my assistants ranked 
highest in terms of overall fertility, the ixim ulews, q'aq ulews, and barro negro (ixim 
ulew barrial) also tended to rank higher in the two sorts.
The ixim ulew/barro negro sample (P16Paq97) ranks near the middle of the first 
sort (Hill Soils), while it ranks at the top of the second. One of the remaining ixim 
ulews (P15Paq97) ranks second in the first sort, while the third (P8Paq97) ranks in 
the bottom half of the list. In the second sort, P16Paq97 and P15Paq97 rank at the 
top of the list, while P8Paq97 still ranks in the bottom half of the list Texturally, all 
three samples are clay loams. Both P16Pam97 and P15Paq97 are located near 
currently or formerly cultivated areas, which probably explains their comparatively 
high levels of exchangeable P, K, and Ca. Organic matter content is high, and pH is 
at levels considered to be within the optimal range for maize production (Tisdale et al. 
1993).
150
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
Table 4.6: Chemical and physical properties of Kaqchikel identified soils. Sorted on estimated CEC (to compare potential fertilities).**
in
rua sod*
Q 'aq  ulew
S ite
P3Paq97
L and
lilt
Forest
D ep th
(OB)
0-20
Ixim  ulew PI5Paq97 B rushyarea 0-15
Q 'aq  ulew P4Paq97 M ojdn 0 -1 5
Q 'ana ' ulew PSPam 97 M ilpa 0 2 0
Ixim  k iq  
ulew P7Pam 97 M ilpa 0-20
Ixim  ulew / 
barro  negro PI6Paq97
G rassy
A rea 0-20
Q ’dq ulew P7Paq97 M ojdn 0-30
Ixim  ulew 
Q'Mn ulew 
K aq ulew 
Q 'an  ulew
P8Paq97 B rush 
P I2P aq97  B rush 
P9Paq97 W oods 
P I4P aq97  B rush
0-20
0-20
0 -20
0-20
Q 'an  ulew PI IPaq97 B rush 0-20
T n l w c
Eat
C E C
Valey Soils
Ixim  q'an 
ulew
Q ’aq  ulew 
Q ’a q  ulew
loam
loam
Silly
clay  loam
P2 Paq97 MojOn
P IP aq 9 7  M ojdn 
P I3P aq97  M ojdn
silt loam - 
sandy loam
0-20 ? ,ll> clay
loam  
0 -20  Sandy loam  
0 -2 0  Ixnuti
p H O M P K C a N a M g Al As C d C a F t M a N l P b Z a B ase t *
6 4.1 33 316 2274 2 9 247 7 .4 40.3 0 2 5 2 79 24 0 .7 8 .6 4.3 14.5 22.3
6 6 2 7 8 7 823 2496 12 275 6 1 1 2 8 0 1 6 5 68 59 0 .6 4  1 31.7 16.9 2 2 2
6 .4 4 3 36 872 2168 15 381 8 2 40.1 0.2 6.7 73 35 1.0 8.7 4 3 1 6 3 21.7
5 6 1.5 21 642 1741 33 220 8 1 1 8 4 0.1 8 2 114 3 9 0 .6 4 .7 5 4 1 2 3 1 9 5
5.7 1.7 27 1045 1527 3 5 149 10 22.3 0 1 7 .6 161 0 1 5 9 5 5 11.7 19.5
5 6 2 2 101 207 1359 24 183 25 1 3 4 0.2 11.3 183 52 0 .7 3 2 5 1 8 9 17.1
5.5 3 9 31 371 98 0 26 221 3 8 5 26.6 0 2 4.7 73 353 0 .4 6 .6 3 1 7 8 15.6
5 4 3 17 168 877 3 0 346 4 8 9 19.8 0.1 7.2 121 7 8 0 .8 5.8 3 .7 7 8 1 5 6
5 4 2 3 18 117 98 9 25 250 5 9 2 11 0 1 2.5 77 24 0 6 2.6 1.4 7 .4 1 4 8
5.8 2 3 14 720 726 29 387 1 4 6 13.3 0 1 7.1 138 32 0 .7 3 9 5 3 8 .8 14.7
5.7 1.0 15 597 766 112 13.9 9.5 0.1 4.1 95 62 0 .6 4 8 3 7.8 13.4
6 1 0 9 11 333 872 8 22 5 6 5 2 4 0.1 3 8 4 4 2 5 0 .5 2 1 1.9 7.1 1 2 9
6.1 3 1 24 1242 1529 19 247 6 0 1 8 2 0.2 7 .9 69 28 0 6 4 8 4 3 14.5 2 2 3
5 8 2 9 38 42 1972 4 8 134 1 0 8 22.9 0 1 5 3 55 8 0 5 4 .8 3.7 11.3 1 7 4
6 3 3 118 159 1326 2 8 6 4 14.1 2 8 3 0.1 6 .7 6 5 10 0 .5 6.1 4 .2 7.7 1 2 6
•Determined by multiplying total exchangeable bases by the inverse of acidity, which I estimated using Figure 4.9 from Tisdale et al. (1993. 92).
**Exchangeable nutrient contents presented in ppm, unless otherwise noted,
tPresented in meq.
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Table 4.7: Chemical and physical properties of Kaqchikel-identified soils. Sorted on P, K. and then on estimated CEC.
N>
m i l  s o i ls
Ix im  ulew / 
barro  negro
L a n d
Site Use
D e p th
(em)
0-2 0
Ixim  ulew P I5 P m| 97  B n“ h >' area 0-1 5
Q 'dq ulew  
Q ’dq ulew
P4Paq97  M ojdn 
P3Piaq97 Forest
0 -1 5
0 -2 0
Q 'iiq  ulew P7Paq97 M ojdn 0 -3 0
Ixim  kdq 
ulew P7Pam 97 M ilpa
0 -2 0
Q 'ana ' ulew P5P am 97 M ilpa 0 -2 0
Q 'dn ulew  
Ix im  ulew  
Q 'dn ulew
P I2 P aq 9 7  B rush 
P8Paq97 B rush 
P I4 P aq 9 7  B rush
0-20
0-2 0
0 -2 0
Kdq ulew P9Pdq97 W oods 0 -2 0
Q 'itn ulew P IIP a q 9 7  B rush 0-20
V alley  S o ils
Q 'dq ulew  
Q 'dq  ulew
Ixim  q'dn 
ulew
P I3 P aq 9 7  M ojdn 
P IP a q 9 7  M ojdn
P2Paq97  M ojdn
0-20
0 -2 0
0-2 0
Textare
Silly
clay  loam
clay  to  clay  
loam
C lay  to  clay 
loam
silt loam - 
sandy loam
loam
p H
%
O M P K Ca Na Mg A l A s Cd Ca Fe M s Nl P b Za
m eq
Base
Eat
CEC
t *
5 .6 2 .2 101 207 1359 24 183 25 1 3 4 0.2 1 1 3 183 52 0 .7 3 .2 5 1 8 .9 17.1
6 .6 2.7 87 823 2496 12 2 7 5 6.1 1 2 8 0.1 6 5 6 8 59 0 6 4.1 31 .7 16.9 22.2
6 .4 4 3 3 6 872 2168 15 381 8 2 40.1 0 2 6 .7 73 3 5 1.0 8 .7 4 .3 16.3 21.7
6 4.1 33 3 1 6 2274 29 247 7 .4 4 0 3 0 2 5.2 7 9 24 0 7 8 6 4 3 1 4 5 22.3
5 .5 3 .9 31 371 9 8 0 2 6 221 3 8 5 26 .6 0 .2 4 .7 73 353 0 .4 6 .6 3.1 7 8 1 5 6
5.7 1 7 27 1045 1527 35 149 10 2 2 3 0.1 7 .6 161 0 1 5 .9 5 5 11.7 19.5
5 6 1 5 21 642 1741 33 220 8 1 18.4 0.1 8 2 114 39 0 .6 4 .7 5 .4 12.3 1 9 5
5 4 2 3 18 117 9 8 9 25 2 5 0 59.2 11 0  1 2.5 7 7 24 0 .6 2.6 1.4 7 .4 14.8
5 .4 3 17 168 877 3 0 3 4 6 48 .9 1 9 8 0 1 7.2 121 7 8 0 .8 5.8 3 .7 7 .8 15.6
5.7 1.0 15 597 766 112 13.9 9 .5 0  1 4  1 9 5 6 2 0 .6 4 .8 3 7 .8 13.4
5 8 2 3 14 7 2 0 726 29 38 7 1 4 6 1 3 3 0  1 7.1 138 32 0 7 3 9 5 3 8 .8 14.7
6.1 0 9 II 333 872 8 225 6 5 2 .4 0.1 3 .8 4 4 25 0 .5 2.1 1.9 7.1 1 2 9
6 3 3 118 159 1326 28 6 4 14 1 2 8 3 0 1 6 .7 6 5 10 0 5 6.1 4 2 7.7 1 2 6
5 8 2 9 3 8 42 1972 4 8 134 10.8 22.9 0.1 5.3 55 8 0 .5 4 .8 3 .7 11.3 17.4
6  1 3.1 24 1242 1529 19 247 6 0 18.2 0 .2 7 .9 6 9 28 0 6 4 8 4.3 1 4 5 2 2 3
•D ete rm in ed  by m ultip ly ing  total exchangeab le bases by the inverse o f  acidity , w hich I estim ated  using  F igure 4 .9  from  T isdale  e t al. (1993: 92). 
**E xchangeable nutrien t con ten ts presented  in ppm . un less otherw ise noted. 
tP re se n te d  in  meq.
P8Paq97, on the other hand, exhibits much lower levels of exchangeable bases 
and has lower pH (5.4) than the other two samples. Organic matter content for this 
sample is still reasonably high.
Two of the q'Sq ulew samples (P3Paq97 and P4Paq97) rank at or near the top 
of the list in the first sort, while a third sample (P7Paq97) ranks near the middle. In 
the second sort, all three q'aq ulew samples rank just below P16Paq97 and 
P15Paq97. These three samples have the highest organic matter contents (P3Paq97: 
4.1%; P4Paq97:4.3%; P7Paq97: 3.9%) among all analyzed samples on the list 
P3Paq97 and P4Paq97 also have good pH, compared to the remainder of the samples 
on the list. Phosphorus levels for these samples are much lower than for P15Paq97 
and P16Paq97, but higher than for P8Paq97.
The coarser textured q'fin ulews (P12Paq97, P14Paq97, PI lPaq97) and the 
khq ulew (P9Paq97), which my assistants considered to be poorer soils, 
correspondingly ranked lower on the list in the two sorts. Overall, estimated CEC, 
exchangeable P, percent organic matter, and total exchangeable bases are low for all 
four of these samples when compared to the remainder of the analyzed samples in the 
list. The three samples identified as coming from valley soils (P13Paq97, PlPaq97, 
P2Paq97) all have relatively high pH, moderate to high levels of exchangeable P, 
moderately high organic matter contents, and moderate to high levels of total 
exchangeable bases.
4.4.2 Ladino Villages
4.4.2.1 Rankings Based on Farmer Comparisons
Table 4.8 presents a ranking of soils in terms of fertility and "hot'Vcold" 
properties provided by my Ladino assistants. Most of these rankings are based on 
the Las Colmenas excursions, and are supplemented by information from the 
Chirinjuyti and Las Lomas excursions.
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Table 4.8: Comparative folk fertilities of common farmer-identified soil types in Las 
Colmenas, Las Lomas and Los Chilares.
H ot
o r
L ocal N am e EbrM i Field T ex tu re F olk  F ertility C old B est Uses
barro sangre de oxblood colored clay to clay loam Very productive Encendidai Milpa.
chivo clay
barro negro Mack clay clay loam Very productive C aliente Milpa.
t i e m  negra barrial Mack clay  loam clay loam-loam Very Productive R egular Produces all types o f crops.
barro clay silty clay loam Productive C aliente Milpa.
barro am arillo yellow (brown) 
c lay
clay to clay loam Productive C aliente Milpa.
b an o  negro sandy Mack clay sandy clay loam Productive C aliente Milpa.
arenoso
tierra negra Mack loam loam to sandy d a y  
loam
Productive R egular Considered good for most 
crops, because o f  its good
sangre d e  chivo oxMood-cotored hard clay Productive C aliente Further comments
soil unavailaMe.
tierra am arilla yellow (brown) 
loam
loam Productive unavail. U navailable
tierra am arilla sticky yellow clay silt loam Productive C aliente Hard to hoe, so productivity is
am elcochada loam limited by this.
barro Sticky clay sandy clay loam D epends C aliente There are tw o  types, one
am elcochado productive the second is not.
cascajo Stony soil silt loam-silty clay Produces with C aliente Can be m ade productive w ith
(tepetate) loam w ork working.
talpetate/tepetate tepetate, rock m at w eathered volcanic 
tuffs
Produces with 
w ork
C aliente C an be m ade productive by 
working it with a  mattox or 
pickaxe.
talpetate sticky talpetate sandy clay loam  - G enerally C aliente C an be m ade productive.
am elcochada sandy silt loam unproductive
barro Colorado reddish clay silt loam -day loam N ot very 
productive
C aliente Needs organic m atter m ixed 
in  to produce.
barro acerado hard  clay sandy clay loam  to 
clay loam
N ot very 
productive
C aliente Only produces through 
woriung and organic m atter
tierra negra sandy Mack loam sandy loam Fairly productive Fria U navailable.
arenosa
barro polvoso powdery clay sandy d a y  loam  - Fairly R io Needs help to make
(suelto) silty clay loam unproductive productive.
t i e m  bianca W hite loam loam y sand to fine 
sand
U nproductive Fria Only good fo r coffee 
seedlings o r  repello (wall
t i e m  arenosa Sandy loam sandy loam 
sandy d a y  loam
Unproductive Fria B etter for vegetaM e crops, 
potatoes, o r  coffee seedlings 
that need sandy soil for root
t i e m  polvilla powdery loam silty d a y  loam  to Practically useless H e lad a N eeds working and copious
(polvosa) loam additions o f  organic m atter to
m ake productive.
t i e m  negra silty/sandy Mack silt loam-silty clay Mostly H elad a Produces only with work and
polvosa lo a n loam unproductive organic matter.
Like Kaqchikel farmers, ladino fanners also tend to consider finer textured soils 
to be more fertile than coarser textured soils. On the other hand, my ladino assistants 
likewise agreed with my Kaqchikel assistants when they mentioned that difficulty of 
hoeing was an undesirable aspect that they associated with many heavier soils, 
especially tierra amarilla amelcochado, barro amelcochado, and barro acerado. Thus, 
those barros that tended to be closer to true loams, as well those that had higher
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organic matter contents, tended to rank higher due to easier workability. As I 
mentioned earlier, tierra negra barrial might be the local equivalent of the Kaqchikels' 
ixim ulew. One soil type that consistently ranked high among my older Ladino 
assistants is sangre de chivo, which they prize for milpa production. Perhaps the 
closest equivalent to this soil among my Kaqchikel assistants is barro rojo, which is 
also highly prized for milpa production.
My Ladino assistants tended to rank tierra negra higher than my Kaqchikel 
assistants ranked its equivalent q'Sq ulew, perhaps due to its easy workability. They 
considered tierra negra to be good for most crops, including milpa crops. Perhaps, if 
asked why they ranked the tierras negras higher than do their Kaqchikel counterparts, 
these Ladino farmers would reply that this is because Las Colmenas is at a lower 
elevation than Pachitur, Pamumus and Paquixfc. I will explain this further in the 
section on "hot" and "cold" descriptors that local farmers apply to soils and fertilizers.
Ladino farmers also consider cascajo and tepetate to be productive, but only 
after they are hoed thoroughly, and organic matter is worked in. However, it is only 
done if the area where tepetate is exposed is small. To paraphrase one of my 
assistants, "You can do this, but it takes a lot of time and labor. You could do it if the 
plot were about 1/4 cuerda. If the parcel is larger, we would not even try it" (Jlu of 
Las Colmenas).
Generally, the coarser textured sediments, like arena, tierra arenosa, tierra 
polvosa, and tierra bianca art considered unproductive. Only copious additions of 
organic matter can make them productive, according to my assistants. Tierra bianca is 
nearly pure dacitic ash, with occasional inclusions of darker minerals. The tierras 
arenosas and tierras polvosas usually represent various stages of weathering of 
volcanic ash. As a result, these sediments appear to have lower amounts of readily 
available nutrients than do the other soil types identified by my assistants. Since they
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generally also have low amounts of day, cation exchange capacities may also be low, 
which is partially confirmed by the laboratory analyses for the samples from the upper 
profiles of P7LColm97 and P8LColm97 (Table 4.9).
4.4.2.2 Laboratory Tests
Tables 4.9 and 4.10 present the results of laboratory analyses conducted on 
selected samples collected during folk taxonomy elicitation in Aldea Las Colmenas. 
These analyses provide a more complex relationship to farmers' assessments than do 
those for the Paquixfc samples. Surprisingly, the tierra negra arenosa and the tierra 
arenosa ranked at the top of the list in terms of both phosphorus content and estimated 
cation exchange capacity. While the tierra negra arenosa from P20LColm97 has a 
high organic matter content, the tierra arenosa from P7LColm97 does not Nor had 
this soil received high fertilizer inputs, since it was under forest scrub and did not 
appear to have been cultivated at any time in the recent past Although my assistants 
considered the tierra negra arenosa fairly productive, it did not rank high on their list 
of comparative soil productivity.
The tierra negra barrial (P22LColm97) ranked third. Both assistants considered 
it to be a very productive soil, as well. They considered it good for producing all 
types of crops.
The tierras negras ranked near the middle of the list in both the comparative folk 
fertilities and in terms of phosphorus content and estimated cation exchange capacity. 
The second sample of tierra negra arenosa, from the topsoil horizon of P7LColm97, 
ranked near the bottom of the list To this date, I have no answer for why the topsoil 
horizon has such low levels of exchangeable bases, given that the B horizon has 
much higher levels and ranks at or near the top of the list in both sorts.
The one sample of sangre de chivo (con tierra negra), from the valley profile 
(P13LColm97) did not rank particularly high in terms of estimated cation exchange
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Table 4.9: Properties of ladino-identified soils in Las Colmenas. Sorted on estimated CEC.**
E st
L u i  **> Base C E C
Site Depth Use Textare PH OM P K Ca Mg Al Na As Cd Ca Fe Mb Ni Pb Za (meq]1■s
T ie rra  N eg ra  
A ren o sa
P2D
LC dm 97 0-15 M ojO n
S andy
loam
5.8 3.1 35 602 1967 507 4 7 32 13.6 0.2 7.2 187 41 1.1 4.1 8.4 15.7
B a rro G ris P7IjCo)m97 8 -4 5
F o re st
S c ru b
S ilt loam 6.2 0.4 179 200 1797 652 2 32 3.1 0.1 2.2 60 29 0.8 2 5 10.8 15.0
T ien ra  C e n iz a  
M e d ia  B a n ia l
P22
Lfolm 97 0-20
G rassy  S an d y  c la y  
A re a  lo am
3 5 1.9 22 361 1389 323 11 41 14.9 0.1 8.7 178 47 0 .5 4.1 6.4 10.7
P24
T ie rra  N e g ra  LColm97 0-17 W o o d s
S an d y  c la y  
loam
5 4 1.3 17 543 1185 210 8 2 17 123 0.1 7.3 122 26 0.4 3 4 4.0 9.1
T ie r ra  N e g ra
P19
lX'otm97 0-15 M o j6 n
S an d y  c la y  
loam
6.4 3.2 21 936 1556 351 5 20 13.3 0.2 10.0 96 33 0 7 3 5 8.1 13.1
T ie rra  N e g ra  
A ren o sa
P7
LCotm97 0-35
F o re st
S cru b
S ilt loam 5.1 2.5 17 123 639 262 75 37 7 8 0.1 2.4 123 24 0.6 3.0 6 0 5.8
T ie rra
P b lv illa
P8
IjCotm97 0-13 W o o d s S ilt loam 6.2 1.9 20 126 840 123 7 2 9 6.3 0.1 1.3 55 16 0 4 2.3 4.4 5.6
Valey Sails
S a n g re d e  
c h iv o  co n  
tie r ra  n eg ra
PI3
LColin97 0-30
G rassy
a re a
S ilt loam 5 8 1.5 3 8 2 4 5 1364 194 4 9 2 0 9 .6 0.1 5 .6 83 17 0 .4 2 .7 5 .2 9  1
’ Determined by multiplying total exchangeable bases by the inverse o f acidit y, which I estimated using Figure 4.9 from Tisdali tM eq/100g
*‘ Presented in ppm, unless otherwise noted
tPresented in meq/ lOOg.
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Table 4.10: Properties of ladino-identified soils in Las Colmenas. Sorted on P, K, and then on estimated CEC.**
Laad Depth % Bases
S ite Use (an) T a r t a n P H O M P K C a Mf Al N a As C d C a F e M b N i Pb Z a («neq)
I M I S a f e
B a n o G r i s
P 7
L C o lm 9 7
F o re s t
S cru b 8 - 4 5 S ilt  loam
6.2 0.4 179 200 1797 652 2 32 3 1 0.1 2.2 60 29 0 8 2.5 10.8 15.0
T ie r ra  N eg ra  
A re n o sa
P 2 0
ljC o lm 9 7 M o 6 n 0 -1 5
S an d y
lo am
5 8 3 1 35 602 1967 507 4.7 32 13.6 0 2 7.2 187 41 11 4.1 8 4 15.7
T ie r ra  C e n iz a  
M e d ia  B arria l
P 22
L C o lm 9 7
G rassy
A re a 0 -2 0
S an d y  
c la y  lo am
5.5 1.9 22 361 1389 323 11.2 41 14.9 0 1 8.7 178 47 0.5 4 1 6.4 10.7
T ie r ra  N eg ra
P 1 9
L C o lm 9 7
M o j6 n 0 -1 5
S an d y  
c la y  lo am
6 4 3.2 21 936 1556 351 5 20 13.3 0.2 10.0 96 33 0.7 3.5 8.1 13.1
T ie rra
P o lv illa
P 8
L C o lm 9 7
W o o d s 0 -13 S ilt loam 6.2 1.9 20 126 810 123 7.2 9 6.3 0.1 1.3 55 16 0.4 2.3 4.4 5 6
T ie r r a  N e g ra
P 2 4
L C o lm 9 7 W o o d s 0 -1 7
S an d y  
c la y  lo am
5.4 1.3 17 543 1185 210 8.2 17 123 0.1 7.3 122 26 0.4 3.4 4.0 9.1
T ie r ra  N eg ra  
A re n o sa
P 7
L C o lm 9 7
F o re s t
S c ru b 0 -3 5 S ilt loam
51 Z5 17 123 639 262 74.8 37 7.8 0.1 2.4 123 24 0.6 3 0 6.0 5 8
Valley Sails
S a n g re d e  
c h iv o c o n  
tie r ra  n eg ra
P I3
L C o lm 9 7
G rassy
a re a 0 -3 0 S ilt loam
5 8 1 5 38 245 1364 194 4 9 20 9 6 0.1 5.6 83 17 0 4 2.7 5.2 91
'D eterm ined by multiplying total exchangeable bases by the inverse of acidit y, which I estimated using Figure 4.9 from Tisdale ct al. (1993: 92).
"P re sen ted  in ppm. unless otherwise noted
tPresented in meq/IOOg
Est
CEC
*t
23 I 
27. t 
21.4 
17.9 
86  
19.0 
166
15.7
capacity. Available P content is relatively high, and its exchangeable base content and 
estimated cation exchange capacity are nearly twice that of the tierra polvilla sample, 
which ranks at the bottom of the list.
4 .5  "Hot" and "Cold" Properties of Local Soils
Another aspect of local soil assessments is the use of "hot" and "cold" concepts 
to describe different soil types. The application of these concepts to soils follows a 
logic similar to that applied to concepts of human health passed down from the earlier 
Greek and Roman concepts of the humors. First, I will present my own findings 
based on my interpretations of farmers' comments concerning local applications of 
"hot" and "cold" categories to different soil and sediment types. Then I will compare 
this to the use of these concepts from a human health perspective. Finally, I will 
apply my own interpretation of what this means in terms of local crop production.
4 .5 .1  Kaqchikel Perspective
4.5.1.1 Factors Contributing to "Hot" and "Cold" Properties of Local Soils
During excursions in the three villages of Pachitur, Pamumus, and Paquixlc in
the company of local farmers, I would ask the farmers who accompanied me to 
describe "hot" and "cold" properties of several locally recognized folk soil types. I 
put the summarized results of their interpretations in Table 4.5 (See also Appendix 
E.l).
As the table indicates, the general trend is for finer-textured soils, and soils that 
my assistants considered to be more productive, to be labelled "hot". Conversely, 
coarser textured soils, and soils that locals consider to be less productive tend to be 
classified as "cold”. Sometimes, however, their categorizations of a particular soil's 
"hotness" or "coldness" did not appear to follow any logic. When I asked them to 
explain, their answers did not seem to make much more sense, and in some cases, the 
factors contributing to the "hotness" or "coldness" of a particular soil type appeared to
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cancel each other out. However, further analysis and contemplation brought out the 
logic behind local interpretations of "hot" and "cold" soil properties.
Through analyzing my assistants' comments and informal tutorials, I 
determined that there were eight factors that affected whether they considered a 
particular soil or sediment type to be "hot" or "cold". Four of these factors are 
associated with inherent soil properties, while the other four are related to 
environmental and geographic variables (Table 4.11). A closer examination of these 
factors indicates that they are related in several ways. Several factors appear to
Table 4.11: Factors that affect a soil's relative "hotness" or "coldness". 
K aqchiltels
Endemic Soil 
P ro p e rtie s
V ariable
T e x tu re
"Hot" Soils 
F in e r  T e x tu re s
"Cold" Soils
C o a rse r  T e x tu re s
L o w  O rg a n ic  M a tte r  C o n ten t H ig h  O rg a n ic  M a tte r  C o n te n t
F e r t i l i ty
Environmental I n s o l a t i o n  
F ac to rs
W in d
A ltitu d e
D ra in a g e
O rg a n ic  M a tte r  
C o n te n t
M o is tu re  C o n te n t  L o w  M o is tu re  C o n te n t 
F e r t ile ,  P ro d u c tiv e  S o ils
L adinos
Inherent Soil 
P ro p e rtie s
Environmental
V ariab les
V ariable
T e x tu re
A b u n d a n t S u n lig h t
W in d ie r  L o ca tio n s
L o w e r  E le v a tio n s  
G o o d  D ra in a g e
"Hot" Soils 
F in e - te x tu r e d  so ils
H ig h  M o is tu re  C o n te n t 
In fe r t i le ,  U n p ro d u c tiv e  S o ils
L o w e r  S u n lig h t C o n d it io n s
L o c a tio n s  th a t a re  P ro te c te d  
fro m  th e  W in d  
H ig h e r  E le v a tio n s  
P o o r D ra in a g e
"Cold” Soils
C o a rs c - te x tu re d  so ils
L o w e r  o rg a n ic  m a tte r  c o n te n t H ig h e r  o rg a n ic  m a tte r  c o n te n tO rg a n ic  M a tte r  
C o n te n t
M o is tu re  C o n te n t  H ig h e r  so il m o is tu re  c o n te n t 
F e r t i l i ty  H ig h e r  f e r t i l i ty
I n s o l a t i o n
W in d
A ltitu d e
"D ra in a g e *
H ig h e r  in so la tio n  
S h e lte re d  f ro m  w in d  
L o w e r  a lt i tu d e s
L o w e r  so il m o is tu re  c o n te n t 
L o w e r  fe rt i l i ty
L o w e r  in so la tio n  
W in d ie r  lo c a tio n s  
H ig h e r a lti tu d e s
be different ways to describe the same soil property. Yet each factor is dependent on 
particular environmental conditions, or on inherent properties that are associated with 
the soils themselves.
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In terms of inherent soil properties, the four factors that my assistants linked 
with "hot" and "cold" concepts were texture, organic matter content, soil moisture 
content, and soil fertility. Generally, coarser textured soils were considered to be 
frio  (q'an ulew floja, sanayi', saq ulew, etc.) while finer textured soils (q'ana' 
ulews and ixim ulews) were considered to be calieme.
Soils with high organic matter content also tend to be considered "cold", while 
soils with low organic matter content tend to be considered "hot". To illustrate the 
point, one Paquixfc farmer I interviewed (Die), but who did not accompany me into 
the field, mentioned that gallina ciega was not as much of a problem in q'aq ulews, 
because they contain more organic matter, and thus are firias. Tierras barriales, on the 
other hand, are caliente, which allows the pests to "multiply".
Likewise, soils that are considered to be highly productive were caliente, while 
those considered to be less productive were frio. Thus, productive fine-textured soils 
like barro caf6, ixim ulew, q'ana' ulew, or q'an ulew barrial are considered hot. 
Conversely, fine-textured soils that my assistants considered to be unproductive, such 
as khq ulew, are "cold". However, x&k, which is a silt loam, is considered hot.
Environmental factors that affected farmer perceptions of whether a particular 
soil was "hot" or "cold" included insolation, wind, altitude, and drainage. Generally, 
soils in sunny locations are calieme, while soils in shadier locations are frio.
Similarly, soils in windy locations are more likely to be considered frio, while soils in 
sheltered locations are considered calieme.
Local farmers are also very aware of vertical zonation, and apply this awareness 
to their "hot" and "cold" soil categories. Thus, farmers consider soils at lower 
elevations to be more calieme than soils at higher elevations.
Soil drainage also plays a role in whether fanners consider a particular soil to be 
"hot" or "cold.” According to the local usage of the terms, a well-drained soil would
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be considered a "hot” soil, while a poorly drained soil would more likely be 
considered a "cold" soil.
4 .5 .2  Ladino Perspective
4.5.2.1 Factors Contributing to "Hot" and "Cold" Properties of Local Soils
Information on ladino perspectives concerning "hot" and "cold" properties of 
soils is sparser than it is for the Kaqchikel perspective. I only obtained information 
from Jlu, Eaj, and Pea from Las Colmenas on "hot" and "cold" properties of soils, 
and most of this from Eaj. Yet the information I did obtain indicates that local ladino 
farmers' perceptions of "hot" and "cold" properties of soils and fertilizers differ little 
from those of Kaqchikel farmers (See Table 4.8 and Appendix E.2).
Both Jlu and Eaj informed me that tienas barriales were "hot", while coarser- 
textured soils, like tierras arenosas were "cold". Like my Kaqchikel assistants, they 
considered tierra polvilla (poqolaj ulew) to be the coldest soil of all.
In terms of organic matter content, Eaj considered tierras negras to be "cold", 
although not as cold as tierras arenosas or tierras polvillas. He described several 
tierras negras that we encountered as being "regular",3 or somewhere between "hot" 
and "cold". None of my ladino assistants or interviewees, however, specifically 
mentioned organic matter content when describing whether a particular soil type was 
"hot" or "cold".
Another Las Colmenas farmer (Pea) mentioned that locals may plant beans twice 
a year, the first time in May. At that time, the soils are still "hot", and thus are more 
fertile, since it is near the end of the dry season, and at the hottest part of the year. 
Therefore, they do not need to fertilize as much. They may also plant during October. 
According to Pea, the soil at that time of year is helada (icy cold) due to all the rain 
that fell during the rainy season. Therefore, they need to fertilize, or the soil will not
3 The best translation of regular in this context would be "middling or moderate" (MacHale et al.
1987).
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produce anything. This indicates that ladino fanners also associate high moisture 
content with "cold" soils, although the actual reason may be due more to the effects of 
winter fallow, versus nutrient draw down near the end of the maize cycle.
According to Eaj, when one says a soil is caliente, this means it is more fertile, 
that it produces better. This is reflected in Table 4.8, wherein most of the soil types 
locally considered the most productive are also considered "hot". Eaj considered 
barro sangre de chivo in one location to be encendida, reflecting the high regard he 
had for this soil's productivity.
My Ladino assistants also assessed the relative "hotness" or "coldness" of a 
particular soil based on three of the four environmental variables mentioned earlier 
insolation, exposure to the wind, and relative altitude. Again, as with the Kaqchikels, 
ladinos considered soils in sunny locations that were protected from the wind to be 
"hot”, and soils in shaded or windy locations to be "cold". Soils in Las Colmenas, 
which is at a lower elevation than Comalapa, are generally considered "hotter" than 
Comalapa soils. Soil drainage, however, was not mentioned in terms of "hot" and 
"cold".
4 .S .3 Applying the "Hot" and "Cold" Concept to Fertilizers
1 mentioned in the introduction to this chapter that farmers interviewed by Gene 
Wilken generally thought of chemical fertilizers as "cold", and organic fertilizers as 
"hot". I also mentioned that fanners from the communities in Comalapa and Zaragoza 
where I conducted my own research had more subtle classifications of "hot" and 
"cold" properties applied to both chemical and organic fertilizers.
I suspect that this is not because my own research is more in-depth than 
Wilken's, but because over 25 years had passed between his fieldwork and my own. 
Wilken conducted most of his fieldwork for Good Farmers in the 1960s and early 
1970s. In the following chapter, I will discuss the probability that chemical fertilizers
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did not gain widespread acceptance locally until the late 1950s and early 1960s. In 
other words, Guatemalan farmers had only been using chemical fertilizers for one to 
two decades, at most, when Wilken (1987) was conducting the fieldwork that went 
into his chapter on soil classification. Nearly four decades had passed by the time I 
conducted my own fieldwork in 1996-1997. One might expect farmers' knowledge 
of chemical fertilizer properties in relation to soil properties and crop production to 
have become more sophisticated over the intervening years. This is what I found in 
the communities in which I worked.
4.5.1.2 Kaqchikels
According to my field assistants, and to several interviewees who did not 
accompany me into the field, local farmers have begun to categorize chemical 
fertilizers as "hot" or "cold". The most commonly used commercial fertilizers are the 
blended fertilizers like 16-20-0,20-20-0, and 15-15-15 (N-P-K assessments). Urea 
and sulfate fertilizers are also used. Farmers may also apply lime, although they use 
it less often than they do blended fertilizers.
Local Kaqchikel farmers apparently consider 20-20-0 to be the best overall 
fertilizer, followed by 16-20-0 and 15-15-15. They consider all three to be "hot" 
fertilizers. Urea and sulfate fertilizers, on the other hand, are considered to be frio, 
although one farmer (Syo) said that sulfate fertilizers were fresco (fresh), meaning he 
did not consider it to be truly cold.
Although one older farmer (Dpp of Pamumus) considered organic fertilizers in 
general to be "hot", another (Fgx of Paquixfc) ranked organic fertilizers from "hot" to 
"cold" in the following manner. According to him, manure from chickens and other 
barnyard fowl is considered caliente, as is goat manure. Calf and sheep manure 
(abono de chivo) is fresco, while cattle and horse manure are firfo. This ranking 
corresponds well with comparisons of nutrient contents of various animal manures
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made by the California Fertilizer Association (1980), Ahn (1993), Shumann (1994), 
and Prasad and Power (1997).
4.5.3.2 Ladinos
Ladino fanners also apply "hot" and "cold" assessments to fertilizers. Like 
Kaqchikel fanners, they consider blended fertilizers like 20-20-0,16-20-0, and 15- 
15-15 to be caliente. My ladino assistants differed from my Kaqchikel assistants in 
that they considered urea and sulfate to be fresco, which is somewhere between "hot" 
and "cold". Like Dpp of Pamumus, Eaj considered organic fertilizers to be "hot" 
overall. He maintained that one speaks of a particular fertilizer as being "hot" when it 
contains a significant amount of phosphorus, and that this applies to organic manures, 
as well. This indicates that Eaj might have supplied a ranking similar to that of Jgx, if 
I had asked him to do so, although this would require verification that is beyond the 
scope of the present study.
4 .5 .4  Matching Fertilizer Type to Soil Type
4.5.4.1 Kaqchikcls
In the following chapter, I will discuss local approaches to soil fertility 
management in more depth than I will here. However, local farmers use several 
general criteria when deciding which fertilizers are best for various soil types, based 
on their perceptions of soil properties, and on their perceptions of the strengths and 
weaknesses of various fertilizers. These assessments are based mostly on personal 
experience, or on interactions with other farmers, since most local farmers cannot 
afford to have laboratory analyses performed on soil samples.4
Most farmers perceive organic materials, such as manures, crop residues, and 
green manures to be less potent, in terms of nutrient content, than chemical fertilizers
4 A conversation with the Peace Corps volunteers stationed in Comalapa indicated that laboratory 
analyses in Guatemala could cost upwards of Q80 per sample, a significant cost considering that 
at the time the going rale paid for day laborers was around Q20 per day.
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overall. However, they also acknowledge that organic matter applications provide 
longer-term benefits than do chemical fertilizers, such as improvements in soil 
structure, nutrient exchange, and buffering capacity. Although local fanners are not 
acquainted with these concepts per se, they mention how chemical fertilizers have a 
greater immediate effect than do organic manures, yet they also note that organic 
matter applications produce longer-lasting results than do chemical fertilizers. 
Extremely poor soils such as poqolaj ulew, sanayi' ulew, and q'an ulew floja will 
not produce with chemical fertilizers alone. Farmers maintain that you need to add 
plenty of organic materials before these soils will produce. Note that in Table 4.6, the 
q'an ulew floja (P14Paq97, PI 1 Paq97) samples have significantly lower organic 
matter contents than do the other samples that appear in the table. Heavy soils, 
hardpans, and tepetate are made more workable by adding organic materials. Q'aq 
ulew, on the other hand, does not need any more organic matter due to its 
comparatively high organic matter content (Table 4.6), and most farmers agree that 
organic matter additions have no effect on its productivity.
Farmers make distinctions as to which fertilizers are best for which soils. They 
often speak of matching "hot" fertilizers to "cold" or "fresh" soils, and "cold" 
fertilizers to "hot" soils, which corresponds to the maintenance of balance in the 
earlier discussion of humoral theory and indigenous notions of maintaining 
equilibrium. Thus "hot" fertilizers such as 20-20-0,16-20-0, and 15-15-15 are 
applied to "cold" soils such as tierra negra. "Cold", or "fresh" fertilizers like urea 
(cold) and sulfates (cold or fresh) are best for tierras barriales such as q'ana' ulew.
Likewise, some farmers will match different types of animal manures to 
different soil types. Thus, a farmer might apply goat or chicken manure (hot) to a 
q'aq ulew (cold or fresh), and sheep (fresh) or cattle manure (cold) to a q'ana ulew 
(hot).
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4.5.4.2 I Miintvt
Ladino fanners also match fertilizer types with soil types. Like Kaqchikel 
farmers, ladino farmers I talked to recommended copious organic matter applications 
to improve poor soils such as tierra amarilla polvilla or tierra arenosa. They also 
recommended working in organic materials to improve the workability of hard clays, 
cascajo, and tepetate.
My ladino assistants also mentioned that they match "hot" fertilizers with "cold" 
soils. Like my Kaqchikel assistants, they consider the three most commonly used 
blended fertilizers to be "hot", while urea and sulfates are "cool" (fresco). Thus, they 
will add 20-20-0 (hot) to a tierra arenosa or a tierra polvilla, combined with organic 
matter (also hot). They generally recommend adding one of the blended fertilizers 
(20-20-0,16-20-0,15-15-15) to tierra negra. They also suggest adding a little urea 
(fresh) to a tierra negra, which perhaps reflects the fact that they consider neither tierra 
negra, nor these fertilizers as "cold," but somewhere between "hot" and "cold" 
(fresco, or regular).
4 .6  Discussion
The previous passages indicate that Kaqchikel and ladino farmers have a 
sophisticated knowledge of local soil resources. This knowledge shares some aspects 
with scientific systems of soil taxonomy, in the sense that local farmers use various 
soil properties to distinguish one soil type from another. These include color, texture, 
and to a lesser extent, structure and consistence. However, like other folk soil 
"taxonomies", local soil classification does not exhibit truly exclusionary relations of 
taxonomic membership. Both Kaqchikel and ladino farmers distinguish several 
general "types" of soils or sediments as having unique properties: q'ana' ulew or 
barro; q'aq ulew or tierra negra; sanayi' ulew or tierra arenosa; xhk or cascajo/tepetate; 
poqolaj ulew or tierra polvosa; as well as several specialized soil "types" that include
167
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
kfcq ulew, ixim ulew, sangre de chivo, and burro amelcochado. Other soil "types", 
like Carter's K'ekchi soil "types", are combinations of descriptive phrases, rather 
than true soil types (Tables 4.2 and 4.4). Often, different soil types can blend one 
into the other. Thus, q'aq sanayi' ulew and tierra negra arenosa actually refer to a 
sandy loam that contains enough organic material to impart a dark coloration.
Also, fanners' soil "types", are generally separated out by horizon. While 
farmers may have definite ideas about what an q'ana' ulew or barro is versus, say a 
sanayi' ulew or a tierra arenosa, the two can occur within the same profile, and may 
grade into one another. This contrasts with Soil Taxonomy, which uses a 
combination of diagnostic properties within an entire soil profile to 200 cm, or to a 
particular diagnostic layer, to distinguish between soil types.
What the previous discussions indicate is that, rather than a pedologic emphasis, 
or one that focuses on the soil as a natural body, local soil classification has more of 
an edaphologic emphasis, meaning it focuses on various soil properties that relate to 
plant production (Brady 1984:7). This is perhaps best illustrated by the 
concept of "hot" and "cold" when applied to local soil types. As we have seen,
"hot" can refer to several different factors or combinations of factors, all of which 
local farmers relate to productive, or potentially productive, soils. "Cold", on the 
other hand, refers to several factors farmers associate with soils that are problematic 
for crop production. Also, certain soils referred to as "cold" may not be completely 
infertile, but nevertheless are not considered optimal for milpa production. This is 
probably not coincidental.
Although the farmer concepts of "hot" and "cold" presented thus far may appear 
rather arbitrary, and unrelated to true relationships between soil fertility, other soil 
properties, and environment, they do bear some resemblance to several edaphic, 
ecological, and geomorphic concepts concerning the relationship between soils and
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topography. Furthermore, by understanding some of the underlying, and unspoken, 
logic of "hot" and "cold” concepts as they apply to soil-environment relationships, we 
may be able to develop a better understanding of local folk soil taxonomies, and their 
application to soil management and conservation.
4 .6 .1  Inherent Soil Properties
Local farmers generally think of clay-rich soils as being the most fertile. Thus, 
they consider them to be "hot". Yet, they also find them difficult to work with hand 
implements. Farmers like q'aq ulews and tierras negras for their greater workability. 
However, my Kaqchikel assistants considered q'dq ulews to be "cold", and not as 
productive as q'ana' ulews, especially for milpa. My ladino assistants exhibited a 
more moderate stance concerning tierras negras, which they claimed are "regular", 
reflecting an acknowledgment of these soils' capacity to produce crops. 
Coarser-grained soils, on the other hand, are generally considered to be infertile by 
both groups. Because of this, both groups of farmers refer to most coarse-textured 
soils as being "cold".
These distinctions made by local farmers reflect edaphologic principles 
concerning the influence of soil texture, organic matter content, and mineral 
composition on soil tilth and soil fertility. As the following passages demonstrate, 
many of the terms used are similar to terms used by soil scientists who work within 
the edaphic perspective (Buckman and Brady 1969; Brady 1990).
4.6.1.1 Soil Texture and Physical Soil Properties
Texture is an important soil property that affects various other properties such as 
moisture retention, workability, and fertility (Brady 1984). These are all properties 
that local farmers also mention when describing a particular soil or sediment. From a 
general agronomic perspective, soils that are rich in clays are considered "heavy", and 
hard to work. From the perspective of soil textural classes, the loams are most
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desirable, since they combine the best properties of all three textural classes: sand, 
silt, and clay.
Sands have a low water-holding capacity, and the larger spaces between sand 
grains allow for easy passage of air and water. Thus sandy soils are usually well- 
drained, although they tend to be droughty, especially in upland positions.
The high specific surface (area per unit weight) of clay and silt, on the other 
hand, affects many physical and chemical properties of fmer-textured soils (Brady 
1984:38-39). The finer the texture, the higher the specific area will be. For 
example, the specific surface of colloidal clay ranges from about 10 to 1000 m2/g, 
while that of the finest silt (1 m2/g) and sand (0.1 m2/g) particles is much lower. This 
high surface area-to-mass ratio in turn affects the adsorption of water, nutrients, and 
air. It also affects inter-particulate attractions, since all of these phenomena are 
primarily surface events. Furthermore, most clay particles, which are complex 
silicate minerals like kaolinite, smectite, hydrous micas, vermiculite, and chlorite, are 
platy in shape and tend to be highly plastic when moist Water tends to be tightly held 
on the surface of such particles, which expand as they adsorb more water.
Conversely, clays of this type tend to contract when dry.
Due to the combined effects of these properties, soils that have a high clay 
content also tend to have slow water and air movement, become sticky when wet, and 
hard and cloddy when dry. This is what imparts the more subjective property of 
heaviness, which refers to their difficult working qualities. Soils with greater 
amounts of sand and silt, which have lower specific surface, on the other hand, are 
easier to work due to lower inter-paiticulate attractions and adsorption. This imparts 
the opposite quality of lightness to such soils. The terms used by farmers in the 
study area are pesada (heavy) for clayey soils, and floja (loose, weak) for sandier, 
looser soils.
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4.6.1.2 Soil Texture and Soil Chemical Properties
In terms of inherent soil properties, local fanners generally consider finer 
textured soils to be more productive and "hotter" than coarser-textured soils. This 
reflects general edaphic principles, as well, since finer-textured soils normally have 
higher specific surface areas, have more cation exchange sites, and contain more 
readily releasable nutrients than do coarser-textured soils.
Sand and silt contain mostly quartz (S1O2 ), which is very resistant to 
weathering. Any remaining coarse fragments of primary minerals that contain 
nutrient elements have them tied up so tightly that they are essentially unavailable for 
nutrient exchanges between the soil and plants, although micas apparently release 
potassium "in sufficient quantities to meet some plant requirements" (Brady 1984: 
41). Also, since sand and silt have much lower surface area-to-mass ratios than do 
most clays, they therefore also have fewer sites for nutrient adsorption and exchange.
Most clays, on the other hand, are generally more chemically complex than are 
sands. Kaolinite and other 1:1 (ratio of Si to Mg/Al sheets) aluminosilicates are 
relatively simple, while smectites (2:1), vermiculites (2:1), and chlorites (2:1:1) 
contain varying amounts of iron, magnesium, and other elements. The 
hydrous micas (2:1) contain substantial quantities of potassium in their chemical 
structures. Additionally, their platy crystalline structures and small size impart 
high specific surfaces, which in turn provide large numbers of sites for adsorption 
of such cations as Ca2+, Mg2+, K+, H+, Na+, and NH4+, that are thus made 
available for nutrient exchanges with plant roots.
4.6.1.3 Special Properties of Volcanic Ash Soils
Two aspects of the local soil environment at the study sites should be re-iterated 
and discussed at this point. First, Comalapa and Zaragoza are located in the tropics, 
in an area with a mild temperature regime and relatively high rainfall during the
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summer months. Second, many, if not most, of these soils have developed on 
volcanic ash and pumice deposits that are high in silica and aluminum, and low in 
most base metals (Williams 1960; Weyl 1980). Yet, volcanic ash sediments, due to 
their small particle size (and consequently high surface area-to-mass ratios) and the 
high incidence of volcanic glasses, weather easily (Kanno 1984). In humid 
conditions, severe leaching throughout an ash deposit, resulting from its high 
porosity and permeability, accelerates losses of bases and silica, while hindering the 
formation of layered silicates. The result of this combination is a high proportion of 
amorphous clay materials such as allophane, imogolite, halloysite, and iron- and 
aluminum- rich oxides (Brady 1984, Kanno 1984; Dahlgren et al. 1993).
Allophane imparts unique properties to soils derived from volcanic ashes, 
especially those that have formed on recent ash deposits. It has a high specific 
surface area, which frequently exceeds that of montmorillonite (Kanno 1984:4). It 
also has high anion exchange capacity (Wada 1977). Furthermore, aluminum and 
allophane combine strongly with humic fulvic acids and suppress soil 
microorganisms. The result is a high accumulation of humus. Allophane also tends 
to have weak acidity in moist environments. This acidity increases in dry 
environments. Moreover, the cation exchange capacity of soils that contain 
amorphous clays is pH dependent (Leamy et al. 1984; Nanzyo et al. 1993a). 
According to Nanzyo et al. (1993a), this is due to the type and availability of Al and 
Fe associated with humus-allophane complexes or humus-chloritized 2:1 mineral 
complexes.
The special chemical properties of allophanic materials also lead to special 
physical properties such as dark color, difficult clay dispersion, a unique consistence, 
low bulk density, and high water holding capacity (Nanzyo et al. 1993b). P3Paq97
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is an example of a soil profile that exhibited many of these properties, as are the valley 
soils PlPaq97 and P13Paq97. The surface horizons were all referred to as q'aq 
ulews by my Kaqchikel assistants. The tierras negras and tierras negras arenosas of 
my ladino informants also exhibit some of the same properties. Again, valley soils 
probably represent more recent ash fall deposits, while hill soils probably developed 
on older deposits associated with Tertiary volcanism. This may in part explain the 
very different characteristics that are exhibited by these soils. Thus, while younger 
valley soils tend to have the lower bulk density and looser texture that are associated 
with many Andisols, many of the hill soils tend to have denser structures that are 
more similar to that of other soil types that have a higher proportion of layered silicate 
clays (Nanzyo et al. 1993b; Shoji et al. 1993b). Thus, the general discussion of soil 
texture's effects on soil properties in the section 4.6.1.1 should still apply to these 
soils overall.
In terms of major crop nutrients, volcanic ash soils in Indonesia generally are 
low in exchangeable phosphorus, have moderate levels of potassium, and high levels 
of nitrogen. The low exchangeable phosphorus contents of Andisols is linked to 
amorphous clays such as allophane, and oxides of aluminum and iron, which tend to 
bind phosphorus into non-exchangeable forms. The high leaching that normally 
occurs in volcanic ash regions also leads to low base-saturation, and consequently 
low effective cation exchange capacity (ECEC) in volcanic ash soils (Kanno 1984). 
According to Dahlgren et al. (1993), volcanic ash-derived soils usually also contain 
significant amounts of layered silicate clays, although they attribute this to aeolian 
deposition from outside sources.
Overall, Andisols are considered good for horticultural crops (Tan 1984). In 
Lembang, west Java, for instance, Andisols in a warm temperate climate (Jsl2*C) are 
considered good for growing cabbage, carrots, potatoes, cut flowers, and other
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European crops. Apparently, however, aluminum toxicity is an important factor 
affecting the production of potatoes on Andisols (Tan 1984: 63).
Farmer descriptions of q'aq ulews bear a strong resemblance to the previous 
descriptions of Andisols. My own descriptions of profiles capped by q'aq ulews or 
tierras negras also indicate that these soils have strong Andie properties, including 
thick, dark A horizons, high organic matter content, and a predominantly friable 
consistence. Likewise, my assistants' perspectives concerning these soils' 
productivity also reflects the above descriptions of Andisols. Keeping in mind that 
one definition of a "hot" soil is a soil that contains high amounts of available 
phosphorus, then fanners' characterization of q'aq ulews as "cold" also coincides 
with observations that many Andisols contain low amounts of exchangeable 
phosphorus (Kanno 1984).
4.6.1.3 Organic Matter's Effects on Soil Properties
Local farmers highly prize organic matter for its role in improving overall soil 
tilth and fertility. They likewise appreciate that organic matter improves soil 
workability. Thus, farmers recommend organic amendments to improve the 
workability of clays, improve the fertility of sandier soils, and to increase soil 
moisture retention. It is also for this reason that farmers value soils like ixim ulew or 
tierra negra banial, which combine the benefits of relatively high clay and organic 
matter contents. Thus, they have higher cation exchange capacities than coarser 
sediments, yet also have greater workability than do clay soils that have lower organic 
matter contents. Yet locals consider q'Sq ulew and tierra negra, which also have 
comparatively high organic matter contents (Tables 4.S and 4.8), to be "cold" or 
"regular", and therefore less productive overall than are q'ana' ulews or tierras 
barriales. Q'aq ulews, for instance, are not considered to be good for milpa and other 
subsistence crops, yet Kaqchikel farmers insist that they are good for vegetable
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production. My Ladino assistants, however, considered tierra negra, which is 
apparently the local equivalent of the Kaqchikels' q'aq ulew, to be good for most 
crops, including milpa.
From an edaphic standpoint, the presence of organic matter has considerable 
effect on soil properties. Organic matter influences the general property known as 
tilth, which Brady (1984:65) defines as "the physical condition of the soil in relation 
to plant growth," which includes "all soil physical conditions that influence crop 
development" Such properties include aggregate formation and stability, moisture 
content degree of aeration, water infiltration rate, soil drainage, and capillary-water 
capacity.
Aggregation refers to the combination of the primary soil separates (sand, silt, 
clay) into secondary groupings. Good aggregation is important for the maintenance 
of soil tilth. The presence of organic matter leads to greater aggregation of both sands 
and clays. Organic matter improves sandy materials by increasing moisture retention, 
and by improving their nutrient exchange capacities (Brady 1984). Conversely, 
organic matter improves clay soils by improving aggregate formation and stability, 
which in turn makes them easier to work with a hoe or plow.
Organic matter also increases clay soils' cation exchange capacities (Brady 
1990). The high amounts of humus normally associated with Andisols, for example, 
are generally credited for their much-vaunted fertility (Shoji et al. 1993c). The greater 
a soil's cation exchange capacity, the greater is its ability to absorb and release ions.
In many tropical soils, and some Andisols, where aluminum toxicity can cause 
fertility problems, this is an important consideration. Thus, Tan (1984:63) reports 
that Indonesian fanners add copious amounts of organic matter to local Andisols to 
counteract problems posed by aluminum toxicity, since organic matter tends to bind 
up aluminum ions at its exchange sites.
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4 .6 .2  Topographic Considerations
According to Fanning and Fanning (1989: 360), surface relief has several 
effects on soils: 1) local associations and landscape distributions of soils; 2) landscape 
distributions of moisture; 3) erosional and alluvial patterns; 4) temperature and 
moisture differences caused by aspect, which refers to which compass direction a 
slope faces; and 5) combined temperature and rainfall effects as a result of elevation 
differences, which in tum give rise to vertical zonation patterns of soils and 
vegetation, especially in mountainous regions. The following discussion concentrates 
on landscape distributions of moisture, temperature differences related to aspect, and 
combined temperature and rainfall effects of elevation differences that occur in 
mountainous areas. I will also include a brief discussion of erosional and alluvial 
patterns as they relate to the catena concept of soil development, predominantly in 
terms of how this might affect soil productivity, particularly in soils formed on 
volcanic ashes.
4.6.2.1 Catena Sequences
Geomorphologists use the catena concept to describe soil sequences across a 
drainage landscape (Fanning and Fanning 1989). In a typical catena sequence summit 
positions are stable positions, and tend to have the oldest, most highly developed 
soils. As mentioned in Chapter Two, local soils that have developed on ridges vary 
between shallow, weakly developed soils over welded tuff deposits that form high 
points in the landscape, and deeper, more developed soils that form on broader, more 
stable ridges and shelves.
Convex shoulder positions are highly subject to erosion, which means that soils 
are constantly rejuvenated as topsoil materials are removed and lower portions of the 
profile are continually exposed to surface processes. These would correspond to the 
nose slope profiles that I described in Chapter Two.
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Stdeslope or backslope positions, on the other hand, are dominated by the 
transport of materials both over the surface and within the subsurface. Soils that 
develop on these slope positions in the study area tend to be weakly developed, and 
well drained.
The concave footslope receives deposition of materials removed from upslope 
positions, and is considered predominantly constructional, as is the toeslope. These 
two positions are the equivalent of what 1 have called the "valley floor" in earlier 
portions of this chapter. These are also the positions where ash from periodic 
eruptions would tend to accumulate (Williams 1960). Thus, these are the positions 
where one is most likely to encounter paleosols and multisequum profiles, which 
corresponds to observations that I made about local soils in Chapter Two.
Soil nutrients also move across a landscape, due to lateral processes of 
eluviation and illuviation. As a result of removal through leaching, soils in upper 
slope positions often have lower levels of exchangeable nutrients than do those at 
lower slope positions.
These concepts may help explain why farmers consider many soils that occur on 
hillsides to be "colder" than those on valley floors. Fertility comparisons of similar 
soil types on hillsides versus valley floors (Tables 4.8,4.10, and 7.7) are not 
conclusive, although there does appear to be a higher concentration of exchangeable 
phosphorus in samples taken from valley profiles than in samples taken from profiles 
at hillslope positions. Perhaps the following section will shed a bit more light on the 
subject of why some soils on hill slopes may be considered "hot", while others might 
be considered "cold".
4.6.2.2 SlOPC AspWt
It will be recalled that, in the section wherein I presented local concepts of "hot" 
and "cold" in relation to soils and soil productivity, a sanayi' (normally "cold") on a
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sunny hillside is considered "hot". Likewise, a q'aq ulew on a shady slope is "cold", 
while a q'aq ulew on a valley floor is "hot".
In the northern hemisphere, south-facing slopes receive higher amounts of 
insolation than do noith-facing slopes. This results in higher air and soil 
temperatures, less moisture, and sparser vegetation (Barbour et al. 1987; Fanning and 
Fanning 1989). Temperatures average 1-3* C warmer on south-facing slopes than on 
north-facing slopes in temperate regions (Fanning and Fanning 1989:366). Fanning 
and Fanning (1989) also report that hard laterite, or ironstone, often occurs on south- 
facing slopes in portions of Africa north of the equator, but not on north-facing 
slopes. This difference, in turn, affects the plant cover found on north-facing, versus 
south-facing, slopes.
Which coincides with some of my own observations concerning slope- 
vegetation relationships in the study area. On north-facing slopes in the study area, 
pine-hardwood woodlands dominate, with an overstory of tall pines, and an 
understory of various hardwood species. On some, although not all, south-facing 
slopes, a scrubbier vegetation dominated by hardwoods is common (Figure 4.1).
This appears to be due to two factors affecting south-facing slopes: a shallower depth 
to parent material or to tepetate; and less soil moisture due to higher insolation, which 
can affect evapotranspiration rates. As mentioned in Chapter Two, precipitation 
differences probably also play a role.
It is also reported that aspect affects the flowering dates of native species 
(Hopkins 1938; Jeffree 1960; Jackson 1966). According to these studies, flowering 
dates may be retarded by as much as seven days on north facing slopes, compared to 
south-facing slopes. These differences have the same effect as a geographic distance 
of as many as 217 km and an elevation difference of as many as 220 meters. The 
effects of slope aspect on crop growth and maturation would probably be similar.
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Figure 4.1: South facing slope. Note the dry, scrubby appearance of the vegetation.
Although this effect may be less prominent in tropical areas, the high cloudiness that 
is usually associated with Guatemala's rainy season probably also plays a role in 
reducing the total amount of sunlight that reaches north-facing slopes.
Thus, it appears that farmers' claims that soils on shadier (primarily north- 
facing) slopes are "cold", while "hot" soils occur on sunnier (primarily south-facing) 
slopes and valley floors, has merit from an ecological and edaphic standpoint If 
differences in local growing times are similar to those that were found in the above- 
mentioned studies, then such distinctions may have real implications for local crop 
production.
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4.6.2.3 Vertical Zonation
Elevation differences also affect soil development, as well as soil-plant 
relationships (Fanning and Fanning 1989). Since soils at higher elevations are 
cooler, they also experience lower evapotranspiration rates. Due to the orographic 
effect, they generally also receive more precipitation than do soils at lower elevations. 
This results in what Jenny (1980) would call a "climosequence" (Fanning and 
Fanning 1989: 36).
The effect that elevation differences have on crop growth and soil temperatures 
is similar to the effect that slope aspect has on these phenomena. During the winter 
months, when the sub solar point is in the southern hemisphere, the two factors 
combine to lower soil temperatures. During the summer months, when north-facing 
slopes should receive more solar illumination, the study area is experiencing the rainy 
season, which is characterized by higher cloud cover and lower overall temperatures 
than are the late dry season months of April and May. Furthermore, local ridges, 
such as Cerro Pamumus, are often cloud-enshrouded during the rainy season. As a 
result, the top of Cerro Pamumus top is noticeably cooler than the surface of the 
Tecpdn-Chimaltenango Basin, which may have an important effect on crop growth, 
especially for sun-loving plants like maize, which is the principal local subsistence 
crop. Not surprisingly, Dpp and other Pamumus farmers consider the q'aq ulews 
and q'an ulews on the ridge top to be "heladas" (frigid).
4.6.3 A New Term for Studies of Folk Soil Knowledge Systems
As with other studies of this kind, the preceding account of local folk soil
knowledge systems in the six study villages indicates an extensive knowledge of local 
soil types held by local farmers. It also supports claims made by several authors 
(Wilshusen and Stone 1990; Zimmerer 1994; Sandor and Furbee 1996) that folk
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systems of soil classification share common aspects with scientific systems of soil 
taxonomy, yet differ in many regards.
Foremost among these differences is that farmers, while aware of certain 
processes involved in soil development, including the breakdown and incorporation 
of organic and mineral constituents, are more concerned with the effect that this has 
on crop production than with inherent properties of the soils themselves. Thus local 
systems of soil knowledge have more in common with edaphology than with 
pedology. Edaphology, as opposed to pedology, has a more practical goal, which is 
the production of food and fiber. It is the study of those soil properties that apply to 
plant production. Therefore, I wish to posit a new term for the study of folk 
knowledge systems. I suggest that the currently used ethnopedology be replaced by 
the term "ethnoedaphology". Given that pedology has a specific definition that is 
based on the study of the soil as a natural body, while both local classification 
systems and edaphology focus more on those soil properties that affect plant growth, 
it is more precise to attach the term ethnoedaphology to studies that pertain to folk soil 
knowledge systems than the currently used ethnopedology.
4.7 Summary
The information presented in this chapter indicates that the fanners of Comalapa 
and Zaragoza have a sophisticated knowledge of the most important of the soil 
resource. This knowledge is reflected in local soil classifications that suggest a sound 
understanding of general edaphic and ecological principles.
As with folk taxonomies reported by several authors (Wilk 1981; Wilshusen 
and Stone 1990; Zimmerer 1994; Sandor and Furbee 19%), local taxonomies have 
several features in common with scientific classification systems, yet differ in several 
important aspects. First, unlike such scientific classification systems as Soil 
Taxonomy, local taxonomies do not display exclusive relations of taxonomic
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membership. Second, local taxonomies reflect a greater concern with the practical 
management of soils for crop production than with natural processes of soil and 
landscape development. Locals are, however, aware of soil-landscape relationships, 
especially in terms of their impact on crop development
Thus, instead of being comparable to scientific systems such as Soil Taxonomy 
or the FAO's system described in the Soil Map o f the World: Revised Legend {1988), 
local soil taxonomies bear more resemblance to the FCC, which groups soils 
according to their fertility constraints (Sanchez et al. 1982: 284; Sandor and Furbee 
1996). However, local farmer assessments of a particular soil's suitability for crop 
production also include four extraneous factors that are not accounted for by the 
second approximation of the system described by Sanchez et al. (1982): insolation, 
wind, altitude, and drainage.
Local soil knowledge systems' edaphic and ecological approach to soil 
capability assessment is perhaps best illustrated by farmers' use of "hot" and "cold" 
concepts. "Hot" soils are generally considered more productive, especially for 
traditional crops associated with the milpa agroecosystem on which local farmers have 
long relied for their families' subsistence needs. "Cold" soils are generally 
considered poor for milpa production, yet are not necessarily unproductive, which is 
recognized by the farmers who assisted me during my field excursions. A 
comparison with information presented in textbooks that are dedicated to edaphology 
and plant ecology indicates that my assistants' understanding of what makes a 
particular soil "hot" or "cold" correlates well with several general edaphic and 
ecological concepts of soil-plant relationships, which do consider the four external 
factors mentioned above.
The proposal of the new term ethnoedaphology for folk soil taxonomy and soil 
suitability classification systems outlined above reflects this aspect of the
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relationship between folk soil suitability assessments and guidelines outlined in the 
FAO's Framework for Land Evaluation (FAO 1976), and partially addressed by 
technical soil capability classification systems such as the Fertility Capability Soil 
Classification System outlined by Sanchez et al. (1982).
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CHAPTER FIVE 
SOIL FERTILITY MANAGEMENT 
5.1 Introduction
As discussed in Chapters Two and Four, most local soils have formed from 
volcanic ash sediments and ignimbrite deposits. Although volcanic ash soils can be 
among the most productive soils in the world when maintained properly, their fertility 
can be easily lost Local farmers have tilled these soils for several centuries. As a 
result, they have developed methods to maintain that fertility. The effects of 
minifundismo and other factors, however, have forced them to modify their 
methods. This chapter presents locals' perspectives on past systems used before the 
advent of chemical fertilizers and on the introduction of chemical fertilizers and their 
effect on local production systems. This will be followed by an account of locals' 
perspectives concerning current trends towards the declining effectiveness of chemical 
fertilizers, and an account of some locals' responses to the combination of declining 
fertilizer effectiveness and rising fertilizer prices.
5 .2  Before the Arrival of Agrochemicals
5.2 .1  Slash-and-Burn
Before the arrival of agrochemicals in the region, farmers relied on a variety of 
natural methods to maintain soil fertility. In locations where land was relatively 
abundant, many farmers still practiced a form of slash-and-bum agriculture well into 
the twentieth century.1 Several older Paquixic farmers, for example, indicated that 
this practice was common before the arrival of chemical fertilizers.
I was unable to obtain reliable local information on the actual rotation cycle, but 
it was probably similar to bush fallow systems reported by McBryde (1947) and Tax 
(1963). In this system, farmers would clear trees and brush from a hillside patch,
1 Based on McBryde's (1947) and Tax's (1963) descriptions, this probably would not have been a 
true swidden system.
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burn the residues, and use the ashes to fertilize the field. They would then plant milpa 
in this field for a period of about 3 to 4 years. When a particular patch became "tired" 
(fertility would wane, or weeds would encroach), fanners would then fallow this 
piece of land for a period of 5 to IS years, with the fallow interval depending on 
overall soil quality.
Reported yields for hillside milpas were low using this system, usually being 
between 200 and 300 lbs. per cuerda (10-15 bu/acre).2 One fanner from Aldea 
Xiqufn Sanahi (Comalapa) reported a yield as low as 100 lbs. per cuerda (S bu/acre) 
for hillside milpa. Yields on valley floors were usually higher. Two ladino fanners 
in the Las Lomas caserto of Los Chilares claimed yields as high as 500-600 lbs. per 
cuerda (25.5-31 bu./acre) for their land on the valley floor, although one mentioned 
lower yields for the surrounding areas.
Farmers did have various means of improving yields before the arrival of 
chemical fertilizers. Many still use these methods, although most claimed that some, 
such as aboneras (composters) have fallen out of use.
5 .2 .2  Crop Rotations
If a particular farmer grew wheat and/or potatoes on his lands, he would often 
rotate one or both of these crops with milpa. A typical rotation might be potatoes 
planted in May, and harvested in September. Then the farmer would plant wheat in 
September, and harvest it in December or January. He would then inter the wheat 
stubble in the early spring, and plant his maize crop ”en el pie del trigo", or in the 
crop stubble. According to several informants, the wheat straw helped to maintain the 
soil suave, which means that it has good structure, and is therefore easy to work with
2 Local fanners are accustomed to English weight measures such as pounds. They will often report 
weights of maize, fertilizer et cetera in terms of quintals, or hundred-pound measures. This is 
probably because they often use old 100 lb. fertilizer bags to carry produce, manure, and other 
bulky items. Other measures reported were the red and the costal. The red referred to by local 
farmers is a large mesh bag that can hold as much as 125 pounds of unshelled maize. A costal 
usually contains between 60 and 80 pounds.
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a hoe. Crop rotations of this son also helped to improve soil fertility. One older 
fanner spoke of crop production on the valley floors of Paquixfc:
Farmer Now, if one had a couple of extra cuerdas to plant, say 8
cuerdas (or a little more), he could plant 6 or 7 to milpa, and 2 
to wheat..without chemical fertilizers, either. But, it would 
grow to this height (demonstrating with his hand). That is good 
wheat.
Author Did you use animal manures for your wheat crop?
Farmer Nothing, nothing, just like that, smoothing out the land, good 
and smooth. Then, in that you plant a seed of wheat. That 
produces well. You can harvest 3 or 4 quintals (300-400 lbs.), 
as much as it will produce, on 1 cuerda. Then the next year, they 
hoe it, bury the wheat, just like that, without fertilizer, without 
manure. It (the following maize crop) produces well. That is 
what they do. (Kaqchikel farmer from Paquixfc: Fgx)
5 .2 .3  Animal Manure
Animal manure was also used to maintain soil fertility before the advent of 
chemical fertilizers. Those fanners who had animals would gather the manure 
in large piles. They often supplemented this with sweepings from the household 
compound. These sweepings included any household refuse such as maize husks, 
discarded bean pods, leftover tortillas, droppings from houseyard fowl, etc. The 
farmer would periodically turn the pile, mixing it well. He would then carry it out to 
his fields, and add a double handful of manure for each mata, or planting. If a 
particular family owned large livestock, such as horses or cattle, the amount of 
manure produced could be substantial. According to the same Paquixfc fanner quoted 
above, a single animal (cow or horse) could produce enough manure for two to three 
cuerdas of milpa in one year.3 If the farmer had several horses or cows, or a small 
field, he might have enough to cover an entire field. If not, he might apply all the 
manure to a different field each year, or, alternatively, he might apply one double 
handful to every fifth or sixth mata. A well-manured milpa could be veiy productive,
3 According to the Paquixfc fanner, and another fanner from ftchitur, they usually would apply 
about 1100 lbs. of manure per cuerda, if they used a double-handful for every mala. According to 
the same two fanners, one cow or horse can produce about 30-33 cosuds weighing 60-80 lbs. 
each, an average of about 1980 lbs., of manure per year.
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especially on valley floors. According to the same Paquixic farmer quoted earlier, 
maize production could be as high as 700-800 lbs. per cuerda (36-41 bu./acre) when 
they applied organic amendments such as animal manures and compost to their fields. 
This method had less effect on the hillsides:
Farmer This was only on the level lands, only level terrain. Now, if they 
are sloping, no, it produces something, but less, very little.
Author Milpa, also?
Fanner Perhaps six or seven costalitos (about 60-80 lbs. each).
(Kaqchike! farmer from Paquixfc: Fgx)
Thus, a good maize yield on the hillsides using animal manures might range from 360
to 560 lb/ca. or about 18-29 bu/acre.
Several ladino farmers in Las Colmenas and Los Chilares also pasture livestock 
in their fields. One of them (Mgu of Los Chilares) maintains that his family has been 
pasturing animals on a field close to the household compound for the past 40 years. 
According to him, the average yield from this field is about 450 to 500 lb/ca. (23 to 
26 bu/acre). In another example, a widow in Las Colmenas has a large field in which 
she allows her neighbors to graze horses and cattle on the past year's maize stubble. 
McBryde (1947) also reported the use of movable sheep closures for the same 
purpose in several municipios surrounding Lake Atitldn, and throughout the Altos 
Cuchumatanes, during the early twentieth century. Additional manure provided by 
this practice can be substantial, especially when animals are allowed to graze a 
particular plot for extended periods.
While large livestock produce greater quantities of manure, farmers generally 
prefer the manure from smaller animals such as pigs, goats, sheep, or farmyard fowl, 
such as chickens, turkeys, or ducks which is generally more concentrated than the 
manure of the large ruminants like horses and cattle. Local farmers' ranking of 
animal manures, in terms of their effectiveness approximates the following:
barnyard fowl manure » goat manure > calf or sheep manure > cow or horse
manure
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Apparently, this is because the manure of barnyard animals such as chickens, goats, 
sheep, as well as calves that are penned for fattening, has a higher concentration of 
nutrients than that of the large ruminants that are mainly fed on silage (Wilken 1987; 
Brady 1984; Prasad and Power 1997). Also, as mentioned in Chapter Four, farmers 
apply the concept of hot/cold to animal manures, whereby manure provided by 
barnyard fowl and goats is considered "hot", while cow or horse manure is 
considered "cold".
5 .2 .4  Aboneras
Sometimes, if a farmer had enough time -and the requisite knowledge- he 
would actually compost the mixture by digging a pit or ditch, and then he would place 
within it fresh animal manure, household sweepings, cornstalks, maize leaves, and 
forest litter. A Pamumus farmer also claimed to add about 800 lbs. of lime to his 
abonera, for every 3000 lbs. of compost, claiming that this kept gallina ciega 4 from 
entering the compost, and later causing damage to his maize crop. While placing the 
manure, refuse, etc., into this abonera, the farmer would then add water if the manure 
was dry rather than moist The compost pile would begin to heat up and emit vapor 
after about a week. When the compost was ready, one interviewee claimed that it 
would turn white (perhaps he is referring to the vapor?). The final product was dry 
and powdery, which made it easier to transport into the fields.
Due to transport difficulties, farmers would apply most of their manures or 
composts in their fields that were closest to the household. Although they would 
sometimes apply these amendments on more distant fields, they probably only did 
this for those with lower fertility, or higher value crops. Also, according to one 
farmer (Fgx of Paquixfc), they applied manures sparingly to fields on steeper slopes, 
which were more susceptible to erosion.
4 Larvae of a group of beetles from the genus Phyllophaga, of the family Scarabaeidae.
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5 .3  Chemical Fertilizers
5 .3 .1  When Chemical Fertilizers Became Available Locally
Most farmers in all the surveyed populations above the age of 50 years began 
using chemical fertilizers in the early 1960s (Table 5.1). As these data also show, 
several respondents did not start using chemical fertilizers until somewhat later, while 
a few individuals appear to have started using agrochemicals in the late 1950s, or 
even earlier. The one case where a particular individual claims to have begun using 
agrochemicals in 1940 might be a mistake on the part of the farmer, or a mis-entry on 
the part of the surveyor who wrote the response down, since most commercially- 
available chemical fertilizers were not introduced on a large scale, even in the United 
States, until the early 1950s (Tisdale et al. 1993).
Also, although Elbow (1974; 1981) claimed that indigenous farmers tended to 
accept agrochemicals more readily than did ladino farmers, the survey data do not 
support this claim. However, the small sample size precludes a strong counter 
argument to Elbow's assertion (Table 5.1).
Table 5.1: Table showing years of chemical fertilizer usage claimed by farmers over 
50 years of age:
Years Las Las
Used C hirin jnyd  Pachitur P an am as Paquixfc Lomas C olm enas T o ta l
7 1 1 2%
IS 1 1 2%
18 1 1 2%
20 1 I 2%
25 2 1 4 7 17%
30 1 4 2 1 8 19%
33 1 1 2%
35 3 2 3 1 4 2 15 36%
40 1 1 3 5 12%
43 1 1 2%
57 1 1 2%
T o ta l: 42 100%
Have used chemical fertilisers for at least 25 years: 38 90%
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5 .5 .2  Early Experiments with Chemical Fertilizers
According to older farmers, when chemical fertilizers first arrived, they only 
applied small amounts, perhaps a pinch or a Pepsi bottle capful, near the base of each 
plant. They explained that they at were at first skeptical of the new fertilizers, and 
might only apply them to a portion of their plots. They were amazed:
Farmer When the first fertilizer came here, you would only put on a little 
bit of fertilizer, and, look! The milpa would turn out like this 
(shows with his hands, ears about 10-12 inches long). You 
could use one quintal to fertilize about 10 cuerdas of land. Just a 
little bit on each plant!
Author About ten years ago?
Farmer Longer, about 20 years ago.
Author But only 1 quintal for 10 cuerdas?
Farmer Yes.
Author Oh, o.k., and how much did it produce (after they started using 
chemical fertilizers)?
Farmer 10,12, to 14 quintals per cuerda (51-71 bu./acre).
Author And before the fertilizers came, how much did it produce?
Farmer When there wasn't any fertilizer?
Author Uh huh.
Farmer Only 2 quintals per cuerda (10 bu/acre). (Ladino farmer from
Los Chilares: Mgu)
According to this account, the farmer's milpa production increased five- to seven­
fold over production without chemical fertilizers. Other farmers claimed to have 
obtained similar results, also with low initial fertilizer applications (Table 5.2).
Table 5.2: Increase in chemical usage reported by interviewees.
Y ields Y ields
Claim ed Am ount Claim ed Amount
Years B efore Used at with Early Used: Y ields
L ocale Farm er Used C hem icals F ir s t Use C urrent Claim ed In c r.
Sgo 35 years 200 Ibs/ca. 17 Ibs/ca. 1200-1500 150 lbs/ca. 1200-1500 6.8
Ibs/ca. lbs/ca.
Paquixfc Jg* 38 years 400-500 45-50 1100-1200 150-200 1100 Ibs/ca. 2.4
Ibs/ca. Ibs./ca. lbs/ca. lbs/ca.
Cpe/Jpe 35 years 200-300 50 lbs/ca. Not 100 Ibs/ca. Not
Ibs/ca. Available Available
Los Mgu 20f years 200 lbs/ca. 10 Ibs/ca. 1000-1400 150 lbs/ca. 1000-1400 5.0
Chilares Ibs/ca. lbs/ca.
Csp 50 years 500-600 20 Ibs/ca. 800-1000 300 Ibs/ca. 800-1000 1.6
Ibs/ca. lbs/ca. lbs/ca.
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5 .3 .3  Local Socioeconomic Effects of Chemical Fertilizers
This dramatic increase in production had important effects on the local
economy. The following passage from my fieldnotes provides a clear illustration of
why local farmers began to adopt chemical fertilizers, almost to the exclusion of using
organic amendments:
Don Alvino says that he still remembers the time, 35 years ago, when the 
farmers did not use chemicals. He said that many farmers went to the coast 
to work, because they could not grow enough to feed their families. He 
remembers when they would clear 40 cuerdas of land and only harvest 40 
costals of maize. Alvino said that it did not take long to clear the land and 
plant the maize, but that they also would not have very good harvests. Some 
of them did improve their land through organic amendments, but many did 
not He said that, when they first started using chemical fertilizer, it had a lot 
of fuerza (ability to produce crops), and was very cheap. (Kaqchikel farmer 
from Comalapa: Axo)
Several other interviewees echoed these sentiments. They claimed that the increased
maize yields that were made possible by chemical fertilizers freed them from having to
travel to the coast, or to the coffee fincas, to look for wage labor. When a farmer
increased maize yields by several-fold, from an average 200-300 lbs. per cuerda (10-
15 bu/acre), to 800-1000 lbs. or more per cuerda (41-51+ bu/acre), the amount of
land that he needed to cultivate to provide for his family's subsistence needs
decreased accordingly. As a result, at least in the beginning, chemical fertilizers
provided a welcome respite from the increasing effects of minifundismo (decreasing
size of landholdings amongst peasant farmers) that plagued small farmers throughout
the Guatemalan Highlands during much of the 20th century (Lovell 1988; McCreery
1994).
5 .3 .4  Declining Fertilizer Effectiveness
The good times would not last, however. Most farmers I talked to complained 
that the chemical fertilizers *ya no tiene la misma juena” ("they no longer have the 
same effect") while fertilizer prices continue to rise. Several claimed that the first 
chemical fertilizers were high quality, having been made in Europe (Italy), Japan, or
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the United States.5 Furthermore, they were comparatively inexpensive (Q4.00- 
Q5.00, or $4.00-$5.00 U.S., for a 100 lb. bag). Now, however, most locally 
available fertilizers (20-20-0 or 15-15-15) cost Q100-110 ($16.67-$18.33 U.S.) for 
the same 100 lb. bag.6 Furthermore, according to most farmers, fertilizers no longer 
have the same effect as they did in the past Survey responses to questions 
concerning past and present fertilizer use (Appendix B. 1) indicate that, on average, 
those respondents who had been using chemical fertilizers for at least 20 years had 
increased their chemical inputs from two- to three-fold (Table 5.3).
5.3.4.1 Declining Fertilizer Quality
There are two possible reasons for this apparent decline in fertilizer 
effectiveness. First, farmers' complaints of lower fertilizer quality may not be 
groundless.Interviewees mentioned that most chemical fertilizers now sold in local 
agricultural supplies are made in Guatemala or other Central American countries, 
instead of in the United States, Europe, or Japan, where the first commercially- 
available chemical fertilizers were produced. According to most farmers interviewed, 
the first fertilizers that they used were produced in the latter group of countries. 
Chemical companies in the United States, for example, are required to place stamps 
on bags of their chemical fertilizers that guarantee their products have at least the 
amount indicated. The actual contents are often higher than advertised (Troeh and 
Thompson 1993). Thus, a 20-20-0 (N-P-K) mix would contain at least 20% each of 
nitrogen and phosphorus, and possibly as much as 21-22% of each. However,
5 According to a handbook jointly published by the United Nations Food and Agriculture 
Organization (FAO) and the International Fertilizer Industry Association (IFA) (1999), most 
nitrogen and phosphorus fertilizers were produced by manufacturers in the United States, Western 
Europe, the USSR, and Japan up to the 1960s. Most potassium fertilizers come from Canada and 
the FSU. Since the late 1970s, several Guatemalan manufacturers, most notably Fertilizantes 
Qufmicos de Guatemala (FERQUIGUA), have produced fertilizers for the Guatemalan markets 
(Schultz and Frederick 1989).
6 The difference in dollar values is due to a series of devaluations in the Quetzal that occurred during 
the 1980s. Until then, the value of the Quetzal was held to Q1.00 to the dollar. In 1996-1997, 
the value fluctuated between Q5.80-Q6.14 to the dollar.
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Table 5.3: Mean, median and percentiles of increases in fertilizer use for respondents 
who claimed to have begun using chemical fertilizers at least 20 years 
prior to the survey.
Percentiles Amount of
10 1.00
20 1.00
30 1.00
40 1.50
50 2.00
60 2.31
70 3.00
80 4.00
90 6.00
100 15.00
Mean 2.89
Median 2 .00
Standard Deviation 2.67
Range 15.00
quality control tests are required to provide such guarantees. The tests are expensive, 
and may not be used by manufacturers in developing countries like Guatemala.
5.3.4.2 Soil Mining
Soil mining, however, may be the main cause for the declining effectiveness of 
applied fertilizers observed by the interviewees. According to both Kaqchikel and 
iadino farmers, most only apply various combinations of N-P-K to their fields. 
Although farmers may occasionally apply sulfur or calcium, they do so only rarely. 
Also, while chemical tests are available at various laboratories in Guatemala City, the 
cost (Q80-120 per sample) is too high for most small farmers in the region, especially 
when one considers that several samples may be needed for each field, to account for 
microgeographic differences in soil composition. As a result, fanners may be slowly 
depleting micronutrients from local soils. A discussion of soil fertility tests in 
Chapter Seven indicates that levels of available K and Ca, as well as of several
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micronutrients (Mn, Ni, Pb, Zn), are somewhat lower for cultivated versus non­
cultivated sites along a catena sequence within a small watershed in Comalapa's Aldea 
Pachitur. This indicates that these nutrients are not being replenished. Long-term 
studies conducted in India have made similar findings (Nambiar 1994). These data 
also show that cultivated sites contain higher amounts of available aluminum, which 
indicates that aluminum toxicity may also be a factor in the declining fertilizer 
effectiveness that is reported by many farmers.
Also, farmers who bum crop residues generally deplete soil organic matter 
contents, which in turn may contribute to the decline in chemical fertilizer 
effectiveness. In most soils, soil pH and fertility are linked to soil organic matter 
levels. This is especially the case with local volcanic ash-derived soils.7 Some types 
of volcanic ash-derived soils also have problems with aluminum and manganese 
toxicides. Thus, farmers who bum crop residues eventually deplete soil organic 
matter, which in turn may affect how much chemical fertilizer is needed to maintain 
higher production levels.
5 .3 .5  Farmers At a Crossroads
Declining chemical fertilizer effectiveness appears to have brought local farmers 
to a current crossroads. Many I spoke with felt anxiety about their ability to 
maintain current yields, in the face of declining fertilizer effectiveness and rising 
fertilizer prices, if these trends continue into the future. Several complained that they 
might be better off buying maize directly from local merchants, rather than wasting 
time raising it in their milpas. According to them, the only reason they had not 
already done this is because working the land is what they do. Although this claim 
testifies to the strength of their attachment to the land, many farmers have nevertheless
7 For a more detailed discussion of soil organic matter contents and their effects on soil fertility and 
pH, see the discussion on volcanic ash soils in Chapter 2, as well as the discussion of fertility 
tests conducted on local soils in Chapter 6.
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begun dedicating increasing amounts of their off-season time to pursuits other than 
raising crops. Others are experimenting with growing export crops to supplement 
maize yields. Most, however, still have not found a reliable market for these 
products.
5.4 A Return to Organic Methods
Many local farmers are beginning to search for alternatives to expensive 
chemical fertilizers, in order to maintain soil fertility. An increasing number have 
begun to return to organic amendments and crop rotations. Some of their ideas stem 
from the traditional methods outlined earlier, while others stem from past and present 
recommendations made by agricultural extension agents or non-govemmental 
organizations. In their search for ways to decrease input costs, most are using an 
integrated approach that combines cultural practices and organic amendments with 
chemical fertilizers.
5.4.1 Crop Residue Management
Earlier, I mentioned that farmers planted maize in the previous year's wheat 
stubble, as part of a crop rotation system that involved rotating maize, wheat, and/or 
potatoes in sequence. McBryde (1987:19) also mentions that farmers in 
Southwestern Guatemala would cut off maize leaves and bury them during land 
preparation and used the stalks for fuel, temporary fences, etc. Tax (1963) claimed 
that Panajachelefios burned all crop residues. Most older farmers in the study area 
claimed that they usually burned crop residues in the past Several mentioned that 
they began burying residues on the recommendation of agricultural extension agents. 
Others claimed that they began when they noticed that crop yields were declining, and 
decided to experiment on their own. Since McBryde (1947) and Tax (1963) both 
describe farmers using residues as field dressings, the latter statement is probably 
true, at least to some extent
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5.4.1.! Burving. Versus Burning. Crop Residues
The advantages of burying crop residues are many (Tisdale et al. 1993). First, 
and most importantly, butying crop residues helps replenish soil organic matter, 
which in turn helps maintain soil tilth. Soil organic matter also tends to provide an 
important buffer against the acidifying effects of nitrogen fertilizers. Leaving crop 
residues in fields also lowers erosion losses. Crop residues return some nutrients to 
the soil, although the actual amounts of nitrogen and phosphorus returned in this 
manner are very low, when compared to amounts supplied by animal manures and 
chemical fertilizers (Prasad and Power 1997). However, organic matter also 
increases a soil's cation exchange capacity, which in turn increases its potential 
fertility.
Yet farmers throughout the world have also found that burning crop and forest 
residues provides many short-term benefits. Tax (1964) mentions that 
Panajacheleftos8 considered ashes to be good fertilizer. In Carter (1969), K'ekchi 
farmers burned fields for several reasons: to clear fields of slash, to loosen soils, to 
lower weed regrowth rates, and to reduce animal and insect pests. Providing an 
immediately accessible supply of crop nutrients was the least important reason that 
they gave for burning residues.
5.4.1.2 Survey Responses
During several early visits to various communities, I found that many farmers 
had strong opinions concerning crop residue management Overall, most survey 
respondents (Table 5.4) claimed to bury crop residues, while slightly more than a 
fifth claimed to always bum residues. Another fifth, however, mentioned that they 
sometimes burned, and sometimes buried, crop residues. Thus, nearly 40% of the 
survey respondents claimed to bum crop residues at least part of the time.
8 The term used to denote a citizen of the town of Panajachel, a community on the north shore of 
Lake Atitl&n.
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Table 5.4: Survey respondents' answers concerning the management of crop residues.
Fate of Crop 
Residues
Bums Residues
F
32
Buries Residues 81
% of Why Bora % a t % of How Makes
Total Residues? F % Total Why Bury Residues? F % Total Decision F %
22% Easier to surquear 20 63% 14% Depends on crop 5 16%
To prevent gallina 14 44% 10% Depends on slope 3 9%
ciega gradient
Lacks time to bury 5 16% 3% Depends on presence 
of gallina ciega
3 9%
Other 7 22% 5% Depends on amount 
of time available
3 9%
56% To maintain soil 
fertility
63 82% 44% Depends on crop 
being planted
23 72%
To reduce erosion 30 39% 21% Depends on slope 10 31%
gradient
To improve soil tilth 12 16% 8% Depends on presence 
of gallina ciega
2 6%
To prevent gallina 1 1% 1%
Other 3 4% 2%
%o f  
Total
3%
2%
2%
2%
16%
7%
1%
Sometimes Bums, 
Sometimes Buries
2 8  19% Depends on crop 12 38% 8%
Depends on amount 
of available time
10 31% 7%
Depends on slope 
gradient
9 28% 6%
Depends on presence 
of gallina ciega
3 9% 2%
Depends on soil type 3 9% 2%
Other 3 9% 2%
Used for fodder 
Total
3
144
2%
5.4.1.3 Reasons for Burviny Crop Residues
When asked why they buried crop residues, most survey respondents
mentioned soil fertility maintenance. Another 30 buried crop residues to mitigate soil
erosion. Several buried crop residues to improve soil tilth. Only one farmer
mentioned that he buried crop residues to prevent attack by crop pests.
As mentioned earlier, many farmers began looking for ways to reduce chemical
fertilizer use. Although the actual amounts of crop nutrients returned to the soil in this
fashion are small compared to other inputs (Prasad and Power), they are still
significant Just as important, however, the increased cation exchange capacity
supplied by raising soil organic matter levels means that fertilizer nutrients will remain
in the soil longer, and in a form that is readily accessible to plant roots. This is
implied in part by the following comments:
Also, he says, when you bum the cornstalks, you add fertilizer. But only 
for a short time, while cornstalks interred in the ground help to improve the 
soil over the long-term. (Kaqchikel farmer from Paquixfc: Die)
Twenty years ago, he burned the residues. The soil was becoming 
poor...He buries them (crop residues) now to help maintain fertility.
(Kaqchikel fanner from Paquixfc: Csi)
He said that it was good to inter the stalks because it gave the soil more 
Juerza (fertility). He said that those who burned the stalks and basura 
(residues) were destroying the juerza of the soil. ...when you add only 
chemical fertilizers, and bum the basura, the plants do not produce very 
well, even though you may add a lo t (Ladino farmer from Las Lomas: Aji)
After we parted ways with Egu, Clc disagreed with his (Egu's) analysis of 
the relationship between gallina ciega and maize residues. He says he has 
been interring for 7 years. He says that this provides excellent fertilizer for 
the next crop. (Kaqchikel farmer from Las Lomas: Gc)
Farmers also claimed that burying crop residues helped to minimize soil losses
occurring in their fields:
He says that, if they bum the stalks, and then it rains hard, the water 
will carry all the topsoil downslope, leaving only hard-packed soil 
behind. If they leave the cornstalks between the rows, and bury them 
(only lightly, from what I've seen), not so much soil is washed away by 
die rains. (Kaqchikel farmer from Paquixfc: Die)
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Also, if you burn the basura and add only chemical fertilizers, when the 
rains come all of the topsoil and added fertilizers wash down into the river. 
(Ladino farmer from Las Lomas: Aji)
These claims are supported by several authors (Lai 1987,1990; Prasad and Power
1997). Actually, "bury" is a misnomer. Most farmers indicate that they only half-
surquear, and leave the residues on the surface during the early stages of the maize
cycle, then bury it later during the full surqueada. This would probably be a more
effective deterrent to soil removal than would completely buried residues, since
residues on the surface help to reduce soil detachment through rainsplash, to impede
surface flow, and also serve as sediment traps (Unger 1978; Lai 1987,1990).
Burying crop residues also helps to maintain soil tilth. Ixim ulew, for example,
can be produced from heavy clay soils by incorporating organic materials, combined
with several years of deep hoeing. This soil's good qualities are due to aggregation,
which is in part enhanced by higher organic matter contents. Most milpas that I
visited that had clayey soils, but in which the farmers had been interring maize
residues for a number of years had very good aggregation in the top IS to 20 cm, or
cultivation layer. They remained reasonably workable even during the dry season.
Those in which the farmers consistently burned the residues, however, tended to have
much harder surface sediments during the dry season, and tended to be stickier when
wet As mentioned in Chapters Three and Four, heavy clay soils' properties --
hardness when dry, stickiness when wet- greatly increase the amount of time it takes
to prepare land, to weed, and to surquear.
(He) says it (burying maize residues) helps to mitigate soil erosion.
Although it does not completely prevent soil erosion, it does help maintain 
good tilth (actually, he said that it helps make the soil mds suave , or 
"softer"). He said that, if they burned the cornstalks, the soil would 
eventually become hard, because you would only have earth {aerra), and it 
would eventually become as hard as rocks. (Kaqchikel farmer from Sarimd, 
a caserfo of Paquixfc)
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Lga and Clc both agree that it is better to bury stover than to bum it..They 
feel that burying stover, plus applying organic manures, will help maintain 
soil fertility and tilth. Their reasoning is that burying the stover and 
working in manure keeps the soil soft and easier to work with an azadbn.
(Las Lomas farmers)
Thus, by increasing soil organic matter content, burying crop residues makes the soil
easier to work, thereby decreasing labor inputs. This is an important consideration in
the current context, in which farmers find themselves having to spend increasing
amounts of time off-farm to make ends meet
5.4.1.4 Reasons for Burning Crop Residues
The most-cited reason for burning crop residues was that it is more difficult to
weed and surquear with buried crop residues, especially cornstalks (Table 5.4).
Several (18) survey respondents also mentioned controlling insect and animal pests as
an important consideration. Another five indicated time was a factor. Out of the 31
who burned their residues, however, only one mentioned soil fertility as a motivating
factor When it comes to burning, there is a relationship between the amount of time
that a farmer claims to have, and the effect that buried residues have on the task of
surqueando. Some farmers complain that crop residues, mainly cornstalks, make it
harder to surquear
Author When you cut the cornstalks, for example, do you bum them 
during preparation, or do you bury them?
Farmer I am accustomed to burning them, but it is also good to bury 
them.
Authro: But why do you burn them?
Farmer Because at times one wants to pay someone to work the land, and 
if there are a lot of residues, they not going to help you...they 
look where there are not any residues, and where there are 
residues...they are just going to go look. And where there are 
residues, they are going to bum them. (Ladino farmer from Las 
Colmenas: Jlu)
There are those who have the custom of burning them (crop residues), and 
those who put them in the furrow, and bury them. Well me, I usually don't 
put them in the furrow, because, at times when one is working, how it 
hinders (the work), or one might say that, when the time to plant comes, 
and the time for the primer trabajo comes, it is very difficu!t...(Ladino 
farmer from Las Colmenas: Josd)
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Cornstalks are difficult to cut with an azaddn. As a result, buried cornstalks in rite 
furrows tend to increase the amount of labor that is needed to build surcos. Both of 
the farmers quoted above were engaged in the buying and selling of livestock. This 
often took them away from their households, and reduced the amount of time that 
they could devote to milpa production. Therefore, they claim that they prefer to bum 
crop residues, since it requires less work. This in turn saves time, which to them 
means money.
Crop pests are also an important consideration. One farmer mentioned rat 
depredations:
I noted that they burned the basura (residues). He said that, last year, there 
was a lot of weed growth. He explains that, if they leave the litter (crop or 
weed residues), it makes a good home for mice and rats which, in turn, eat 
the zucchini (Farmer in Manchertn Grande).
Insect pests are also a problem, especially gallina ciega:
(I) visited Egu's milpa with him (Clc). (Egu) says he used to bury the 
stalks, but he developed a problem with gallina ciega. He started burning 
the stalks this year. Now, he says it is doing better. (Ladino farmer from 
Los Chilares: Egu)
According to several interviewees, an outbreak of gallina ciega that occurred during 
the 1995-% growing season resulted in a major reduction of crop yields in several of 
the communities visited during the study. Like the above farmer, several other 
interviewees and survey respondents indicated that gallina ciega was a major reason 
for burning crop residues.
5.4.1.5 Farmers that Sometimes Bum. Sometimes Burv
As mentioned earlier, 28 survey respondents indicated that they took a more 
flexible approach to the question of crop residue management. They cited five 
different factors that affected their decision (Table 5.4): 1) the type of crop being 
planted, 2) the amount of time the farmer had, 3) the slope gradient in a particular 
field, 4) the presence of gallina ciega, and 5) the soil type. Also, as Table 5.4 shows,
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several farmers that predominantly burned or buried crop residues mentioned that one
or more of these factors affected their actions.
The type of crop being planted affects farmers' decisions for two reasons: 1) the
potential affect of gallina ciega. and 2) the difficulty of working soil that contains
maize stubble, which was explained in an earlier section.
In the milpa. Well, in steep locations, it is better not to bum the cam 
(cornstalks), in order to protect the land. Because, if you bum (the caiia), 
the soil will wash away. This is what we do. So, in level terrain, it is better 
to bum the caiia. Because on level terrain, the water does not run. The 
water stays there. However, in areas like this (we are standing on a sloping 
plot below his house) it is better to put the caiia here, like this (shows me 
how it is done). (Kaqchikel farmer from Pachitun Myb)
As the above interview excerpt mentions, several factors associated with slope
gradient also affect farmers' decisions concerning whether to bum or to bury crop
residues. Furthermore, these factors are tied to the last two elements mentioned
above. First, most flat or gently sloping terrain is located on valley floors. These
soils receive organic matter and sediments that have been eroded from the
surrounding hillslopes. As a result, they are usually easily workable, and do not need
additional organic matter to keep them this way. Second, erosion is less of a problem
on gentler terrain, which means one less incentive for burying crop residues rather
than burning them. Third, many fanners appear to believe that gallina ciega is more
of a problem on valley floors, which may be due to greater ease of movement in the
friable soils that are usually found at these slope positions. Gayey soils, on the other
hand, may be more an impediment to the movement of the grubs.
5 .4 .2  Animal Manures
Farmers have also returned to using animal manures to help maintain soil
fertility and tilth (Table 5.5). A majority claim to use animal manures to help
maintain soil fertility. Most respondents mentioned soil fertility maintenance as
a main incentive for using organic manures, while only ten indicated that the use
202
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
of organic manures helped maintain soil tilth. Only a few farmers (Table 3.6), 
however, claimed to compost.
Although animal manures contain lower amounts of N, P, and K than do most 
chemical fertilizer mixes, they also contain many micronutrients that farmers might 
not otherwise add to their fields. Thus, organic manure applications also help offset 
the effects of soil mining that was discussed earlier.
Table S.S: Survey respondents' answers concerning the use of animal manures on 
their fields.
Use % of % of
Manure? F Total F % Total
Yes 95 66% Why Add Manure?
To augment or maintain soil fertility. 57 60% 40%
To produce a good product 26 27% 18%
Using chemicals alone impoverishes 3 3% 2%
the soil.
Manuring improves soil tilth. 10 11% 7%
Respondent does not have the money 3 3% 2%
to buy chemicals.
Other 5 5% 3%
No 49 34% Why Not Add Manure?
Respondent does not have animals. 35 71% 24%
Respondent does not know how to 5 10% 3%
prepare them.
Organic manures attract gallina ciega. 4 8% 3%
Respondent does not have the time. 4 8% 3%
It is too much work. 1 2% 1%
Other 4 8% 3%
Total 144
Table 5.6: Survey respondent's answers concerning the composting of organic 
amendments, and on the use of forest litter.
% of % of
Compost? F Total Use Forest Litter? F Total
Yes 19 14% Yes 14 10%
No 120 86% No 126 90%
Total 139 Total 140
Several interviewees mentioned that using animal manures significantly 
decreased their use of chemical fertilizers:
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Farmer That yes, it is expensive, for example, we are thinking, now,
since we have some animals also, that helps us a lot, using some 
natural (manures). We only apply a little bit of fertilizer, this 
helps us a lot.
Author With this, how much chemical are you applying? Are you 
applying less than before?
Farmer Less, yes, you apply it the first application, which means, at 
planting, you add the animal dung, and you only have to apply 
the fertilizer once (the second application).
Author You only have to apply it (chemical fertilizer) once. And about 
how many quintales do you have to apply?
Farmer About 60 lbs. per cuerda (214 lbs. per acre)
Author And, before you began to apply animal manure, how much were 
you using at that time?
Farmer When you plant is the first application, as much as 75 lbs., one
must go to quintals per cuerda, that's the second application (for a 
total of 175 lbs. per cuerda, or 675 lbs. per acre). (Kaqchikel 
farmer from Pamumus: Sgo)
However, I could establish no relationship between survey respondents' claimed use
of animal manures, and the amount of chemical fertilizers that they claimed to use in
their milpas (Table 5.7). This could be due to several factors. First, the logistics of
Table 5.7: Cross tabulation and chi square analysis on the relationship between the 
use of animal manures and the amount of chemical fertilizer used.
Cross Tabulation
Animal Manure Use
Yes Total
9 16
10.7 16
46 71
47.5 71
38 52
34.8 52
93 139
Sig. (2- 
sided)
0.395
0.396
0.174
204
No
Chemical Use 0-75 lb. Count 7
Expected Count 5.3
75-125 lb. Count 25
Expected Count 25.3
125-200 lb. Count 14
Expected Count 17.2
Total 46
Chi-Square Analysis
Value df
Pearson Chi-Square 1.859 2
Likelihood Ratio 1.854 2
Linear-by-Linear Association 1.845 1
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transporting bulky manure from the farmyard to fields could mean that only those 
fields that are closest to the household receive manure applications. Second, the 
amount of animal manure that is used by each farmer is not available. Therefore, it is 
possible that the average amount used is too small to make a significant difference in 
the amount of chemical fertilizer that the average fanner must apply to maintain yields. 
Third, fanners might apply manure only infrequently on their fields, perhaps only 
every 2 to 3 years, or to every 5 to 6 plantings, as I explained earlier. Therefore, 
manure applications may only have a minimal effect for the majority of those who 
claim to use it. Since the data relies on farmers' reporting their use of both animal 
manures and chemical fertilizers, it could also be possible that this affected the 
outcome of the analysis.
Most of those respondents who claimed that they did not use animal manure on 
their crops said that this was because they did not have any animals. Less-cited 
reasons for not using animal manure were that the respondent does not know how to 
prepare organic manures, that organic manures attract gallina ciega, and that the 
respondent did not have the time to prepare organic manure for use on his or her 
fields.
5 .4 .3  Forest Litter
Although farmers sometimes use forest litter on their fields, most claim that they 
do not (Table 5.6). The most common reason interviewees give for not using forest 
litter is that it is not veiy beneficial in terms of maintaining soil fertility. Forest litter is 
good for improving soil tilth, but since burying crop residues serves the same 
purpose, few farmers use forest litter as an organic soil amendment, because it 
requires extra time and labor to gather. However, those farmers that claim to compost 
also claim that they use forest litter as an integral component of the compost mixture. 
As Table 5.6 shows, however, few farmers claimed to compost, either.
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S .4 .4  Green Manures
5.4.4.1 Sauco
Gene Wilken (1987) mentions that cover cropping is not very common among 
Middle American fanners, although he describes the use of the leaves from a 
leguminous tree known as sauco (Sambucus mexicana) to dress fields near 
Ostuncalco, Guatemala. He includes sauco as a green manure because farmers 
maintain the trees in their fields, keeping them coppiced close to the ground, to reduce 
the effects of shading on their crops. Although sauco, which is known locally as 
Santa Catarina, can be found in local woodlands, most farmers in Comalapa and 
Zaragoza claimed not to have heard of its use as a field dressing.
5.44b Ilamo
Likewise, few fanners had ever used ilamo (A. arguta, A.ferruginea), which 
another locally-growing leguminous tree. The leaves of this plant have been used in 
other areas as an organic amendment One farmer from Las Colmenas (Jlu) claimed 
that he was using ilamo as a shade for his coffee trees until he could acquire gravilea, 
which is the preferred shade species used in coffee production, but had not heard of 
its use as a green manure. One farmer from Paquixfc (Jgx) claimed that he used ilamo 
in compost production, but he also claimed that he had learned this from university 
students who came as pait of the international relief effort following the 1976 
earthquake.
5.4.4.3 Choreaue
The one green manure that most local fanners were familiar with is known as 
choreque (Phaseolus speciosus). According to several interviewees, this legume was 
introduced at about the same time that farmers started planting potatoes and using 
chemical fertilizers. Farmers consider it good forage, as well as a green manure 
known for its nitrogen-fixing capabilities.
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Choreque is planted as a cover crop in September or October, during the 
calzada. After the harvest, if a fanner has cattle or horses, he will let them in to 
forage. He will then inter the remaining choreque residues, along with com stover 
and animal dung. Although most interviewed fanners were familiar with choreque, 
most also said that they did not grow it anymore (Table 5.8).9 According to some 
farmers, choreque is especially vulnerable to gallina ciega, which may be due to its 
nitrogen-fixing capabilities (Dix 1997).
Table 5.8: Survey respondents' answers concerning the cultivation of choreque in 
their fields.
Plant % or % of
Choreque? F Total F % Total
Yes 12 8% Why Plant Choreque?
As fodder for livestock. 6 50% 4%
As a green manure. 9 75% 6%
No 131 92% Why Not Plant Choreque?
Does not have any animals. 17 13% 12%
Does not know what choreque is. 19 15% 13%
Choreque does not grow here. 30 23% 21%
Cannot obtain the seeds. 46 35% 32%
Other 27 21% 19%
Total 143
5 .4 .4  Gallina Ciega and Organic Amendments
5.4.4.1 Gallina Ciega and Crop Residues
As mentioned earlier, many farmers believe maize residues attract gallina ciega,
a major crop pest in Guatemala. They claim that they bum maize residues to minimize
such attacks. Other farmers, however, dispute this notion. The latter group
maintains that burying crop residues actually keeps the grabs away from maize roots:
The gallina ciega, when there isn't any residue under the soil, they multiply 
a lot. But, when there are a lot of residues, they eat this, and don't damage 
the crop. (Kaqchikel farmer from Comalapa: Fro)
9 According to Steyermaick and Standley (1949-1958), choreque grows naturally at elevations 
altitudes from 200-1900 meters, which means that most of the study villages are at or above its 
upper growth limits.
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He also says that, when you bury the stalks (only lightly, because if too 
deep, then it wont decompose), the gallina ciega will enter the hearts of the 
stalks and eat that first By the time the grubs have finished eating the 
stalks, the maize plant is mature, and the damage is less. He says that the 
most damage done by gallina ciega occurs when the plant is young, and the 
roots are still tender. (Kaqchikel fanner from Pamumus: Dpp)
On the other hand, he says that maize surcos are planted farther apart, and 
that gallina ciega does not affect maize as much as it affects other crops. 
Whether that is because of greater crop spacing, or because maize has 
greater resistance to gallina ciega, I am not certain. (Kaqchikel farmer from 
Las Lomas: Bcu)
After we parted ways with Egu, Clc disagreed with his (Egu's) analysis of 
the relationship between gallina ciega and com stover. He says he has been 
interring his residues for the past 7 years. He says that this provides 
excellent fertilizer for the next crop. He also believes that it helps minimize 
erosion. To minimize damage from gallina ciega, G c applies a pinch of 
powdered toxin with each planting of maize. He says the gallina ciega are 
repelled by the smell of the toxin before they can attack the maize plants. 
(Kaqchikel fanner from Las Lomas: Gc)
Talked to Lga. He agrees with Gc. He contends that gallina ciega is more 
likely to attack milpa where the stalks are burned, than to attack milpa where 
they are interred. His logic is that the grubs prefer the residues, and will 
only attack the maize roots when they run out of cornstalks to eat. (Ladino 
farmer from Los Chilares: Lga)
Burying the stubble helps a little when there is a problem with gallina ciega. 
Because the stalks are open-ended like this. So, the gallina ciega enters the 
stalks and eats the heart of the stalk, like this, and will stay there, eating the 
stalk. So, it won't attack the maize roots. It helps a lot. If you dig up the 
stalks, you will find the gallina ciega inside, eating, but it isn't bothering the 
plant (Ladino farmer from Las Colmenas: Eaj)
Anne Dix (1997) mentions similar theories being put forth by broccoli farmers in 
Chilasco, Baja Verapaz. However, several fanners in my study also mentioned that 
their actions concerning crop residue management often depended on what types of 
crops would be planted the following year. For instance, some farmers who rotate 
milpa with other crops will bum their maize residues before planting the next 
season's crop:
He is preparing a beanfield. He told me that, since they plant crops like 
beans, fava beans, and potatoes closer together than they plant maize, they 
bum the cane before planting these crops. He says this is because pests like 
gallina ciega will attack these crops if they do not bum the stalks. (Bcu)
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Dix (1997) also mentions Chilasco farmers' observations that gallina ciega is more 
likely to attack their broccoli crop if it follows a maize crop in rotation. That many 
local farmers agree with these observations is supported by the data in Table 5.4. 
Neatly 28% indicated that the type of crop being planted influenced their decision 
whether to bum, or to bury, crop residues.10
Several of the above statements indicate that many farmers believe buried maize 
residues provide a "decoy" to lure the beetle grubs away from crop roots. Some 
farmers also maintain that gallina ciega actually prefers the residues to living plant 
roots. Experiments conducted by Dix (1997) apparently support these claims. In 
1995, she conducted a series of experiments with third instar Phyllophaga spp. 
larvae, and noted that "the grabs show a clear and consistent preference for buried 
com residue over com roots" (Dix 1997: 85). However, she found that it may also 
be important to keep the residues away from the immediate vicinity of crops' roots. 
She did not find greater damage to broccoli when maize residues were present (Dix 
1997: 138).
5.4.4.2 Gallina Ciega and Animal Manures
Many farmers also associate gallina ciega with animal manures, and some 
hesitate to dress their fields with manure, for fear of increased attacks on the crop. 
Dix' (1995) study indicated that the grabs preferred wet chicken manure to maize 
roots during the first week after application, while their preference for chicken litter 
decreased after that period. However, since farmers apply manure together with 
maize seeds, it is possible that this early attraction may result in an incidental increase 
in damage at a time when the sprouting maize plants are at their most vulnerable: 
during early germination. Damage from the manure itself may also attribute to the
10 It is interesting to note that several respondents who indicated their first inclination was to either 
bum crop residues (5 of 32) or to bury them (23 of 77) also qualified their answers by indicating 
that the type of crop played a role in their decision to do so.
209
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
germinating plants' susceptibility to pest attack. A Paquixfc fanner (Die) made this 
same observation. Still others have developed cultural practices that they claim 
minimize the effect of gallina ciega in their fields.
S.4.4.3 Cultural Management of Gallina Ciega
Two farmers from Pamumus (Dpp and Epp), a father and son, separately 
provided their own approach to combating gallina ciega in their fields. One method 
involves exposing grubs to the dessicating effects of heat and sunlight. This also 
makes them more vulnerable to natural enemies, which is supported by the writings 
of Musick and Petty (1974), and Rajasekaran and Warren (1995). According to Dpp 
and Epp, the best time to do this is near the end of the dry season (March), when it is 
hottest.
Dpp also noted that adding manure or compost to one's fields in March had the 
same results. He added that mixing lime with the compost also seems to keep gallina 
ciega out Other experiments he has tried include ridging on one side of the maize 
plants, but not the other. He says this exposes only a portion of the maize roots to 
attack. He maintains that the maize plant is more likely to survive if most of its root 
system is left undamaged.
Both farmers also mentioned that they would plant before the first rains of the 
rainy season. Thus, or so they claimed, when the gallina ciega began to leave the 
com stover, the maize roots had already passed their most vulnerable early 
developmental stages.
5 .4 .5  Permaculture: An Alternative Approach to Agriculture
A smaller number are also experimenting with a completely organic farming 
system known as Permaculture. This move represents not so much a return to old 
ways of maintaining soil fertility, as it does a shift to an entirely different approach to 
crop production.
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5.4.5.1 Definition of Permaculture
During my stay in Comalapa, I made friends with a pair of Peace Corps 
volunteers who assisted an ALTERTEC promoter. They were helping to promote the 
organic agriculture system known as Permaculture. According to one of the co­
founders of the concept, Permaculture is "the conscious design and maintenance of 
agriculturally productive ecosystems which have the diversity, stability, and resilience 
of natural ecosystems" (Mollison 1988: Preface p. ix ). Bill Mollison and David 
Holmgren developed the Permaculture concept in 1974. Mollison established the 
Permaculture Institute in 1979 to teach practical approaches to the design of soil, 
water, plant, legal, and economic systems on a worldwide basis. In the book 
Permaculture: A Designer's Manual, Mollison outlays his vision of what 
Permaculture entails, and provides basic materials for would-be practitioners, 
explaining how to design "sustainable human settlements", and how to preserve and 
extend natural systems (Mollison 1988: cover page).
Like many systems of organic agriculture, Permaculture is not only about 
alternative approaches to agriculture, it is a philosophical approach that is concerned 
with developing alternative lifeways (Anderson 1999). However, since a deeper 
discussion of the topic is beyond the scope of this paper, I will focus only on the 
agroecosystemic aspect of Permaculture that is promoted in Guatemala.
5.4.5.2 ALTERTEC and the Promotion of Permaculture in Guatemala
Between February and September 19961 observed, and participated in, a series 
of field workshops being taught by the ALTERTEC promoter, with assistance from 
the Peace Corps volunteers. ALTERTEC, which is an acronym for the Guatemalan 
grassroots support organization (GSO) known as Tecnologfa Altemativa, promotes 
the permaculture agroecosystem among small farmers (Adriance 1995). The idea is to 
establish a farmer-to-farmer network, in which peasant farmers are recruited to attend
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a three-year series of workshops (12 a year), during which time they set aside a 
portion of their land to try out the concepts and practices that they have learned. The 
workshops are free to the participants, and the only stipulation of workshop 
attendance is that they sign a contract stating that they will dedicate a small portion of 
their land to trying out the system over the course of the workshop series. The goal is 
to wean small farmers away from expensive commercial agrochemicals that have 
potentially adverse effects on the environment, and to replace them with the holistic, 
low-input agroecosystem of permaculture. ALTERTEC seeks out interested farmers 
to then establish their farms as community learning centers, and to disseminate the 
program through farmer networks. Proponents of the organic systems promoted by 
ALTERTEC and similar Central American GSOs claim yield increases of several-fold 
over slash-and-bum methods, with some farmers reporting yields of up to 1,100 lbs. 
per cuerda (36 bu/acre: Adriance 1995).
The ALTERTEC promoter worked with a local farmers' cooperative in the town 
of Comalapa at the time I conducted field research. The cooperative had a total of 40 
members, of whom about 12-15 attended the ALTERTEC workshops on a regular 
basis. According to personal observations, the workshops were geared towards 
ensuring that farmers fully participated, by involving them in role-playing games that 
demonstrated principles of the system, including the interconnectedness of various 
parts of the agroecosystem, such as soil, water, soil nutrients, crop pests, beneficial 
insects, and humans. Workshop leaders also encouraged farmers to relate personal 
experiences pertaining to the workshop topic. They consulted the fanners when 
scheduling the format of the 12 one-day workshops to be conducted within the 
upcoming year. The farmers decided that it would be better to have one two-day 
workshop every other month, rather than a one-day workshop every month. The 
resulting schedule of 6  two-day workshops appears in Table 5.9.
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With this emphasis on developing a grassroots network of fanners to pass on 
the principles of permaculture, the ALTERTEC approach differs greatly from the top- 
down approach taken by many governmental and international agencies, such as those 
mentioned in Chapter One. Whether ALTERTEC will be more successful than these 
agencies is difficult to say, since the workshops had only begun in 1996.
Table S.9: Schedule of ALTERTEC workshops attended by cooperative members 
during 1996, which were devised through consultations with workshop 
attendees.
Workshop Workshop Topics W orkshop Topics
Schedule (Spanish) (English)
April 25-26 Manejo de Suelos y Agua Soil and Water Management
June 27-28 Fertilizacidn Orgdnica Organic Fertilizers
August 29-30 Manejo Integrado de Plagas Integrated Pest Management
October 24-25 Diversificacidn Agricola Agricultural Diversification
5.4.5.3 A Local Participant’s Perspective on Permaculture
In the fall of 1996,1 interviewed a cooperative member from Comalapa, 
concerning his experiences with agriculture in general, with agrochemical use, and his 
experience with organic agriculture and Permaculture. Pablo Cojti11 owns 3 cuerdas 
near the outskirts of town. Since this is not enough to feed his family, he is not a 
full-time farmer. He says that he will do whatever is necessary to make ends meet 
He weaves with a footloom, and paints in the primitivist style for which Comalapa is 
reknowned. Sometimes, he also works as a carpenter. His son also paints, and has 
started a small business making "tfpica" backpacks to sell to tourists. Pablo plants 
about 1 1/3 cuerdas to maize, and is trying out several cash crops on the remainder.
He recently bought the land where I conducted a portion of the soil erosion
* 1 1 have changed his name to ensure anonymity.
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comparison that I will discuss in Chapter Seven (Watershed One comparison). This 
land apparently had been severely degraded when he bought it. It is the only parcel 
that he could afford in this location. His property is located near the outskirts of 
Comalapa, where most land is more expensive than in the outlying areas.12
Pablo told me that he started attending the ALTERTEC workshops after the 
cooperative that he belongs to found out about it. A core group of its members asked 
the promoter if he would give a series of workshops at the cooperative. Pablo 
mentioned that he was looking for a way to decrease his capital inputs. He saw 
Permaculture as an attractive option, considering the increasing costs of chemical 
inputs:
But, I think, well, the price (of land) is rising, but one does not produce so 
much either only because... There where I have a small plot, I have planted 
guisquil, I have planted vegetables, something like that Perhaps in this 
way the price will be worth it with what I am doing, and with what I am 
doing now, I am looking for a way to not spend more to make use of it.
What I want is put on more (produce more) without spending and I am 
working mainly only with chemical fertilizer, foliar fertilizers are being used 
and perhaps they (others) are producing good crops, but I am not, that is the 
thing.
Pablo had only been using Permaculture for a short time, and said that he had
experienced several setbacks at the time of the interview, due to his land's low
fertility. Most recently, he had had a broadbean crop killed by fungus. However, he
had recently been collecting urine from his outhouse to apply on his crops, and found
that it was already producing results:
Author And on that cuerda and 10 surcos, how much did it produce 
before [he began using urine on his fields]?
Pablo: Well for the moment, but 3 years ago, since the gallina ciega was
abundant, right? Well at that time, I harvested about 20 costalitos 
(75 lbs each) in all of that parcel, and last year it produced 16, 
and this year it produced 35 costals. It surpassed the previous
12 At the time, Paulo claimed land in the area went for Q20.000-Q25.000 per cuerda, or about 
$12,000-$15,000 per acre of hill land, at the 1996 exchange rate. Apparently, a plot on level 
terrain recently sold for Q30.000 per cuerda, or about $18,000 per acre. By comparison, Paulo 
explains that land located 4-5 kilometers from town sould sell for Q5.000-Q10,000 per cuerda 
($2400-$3,000 per acre).
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harvests by mote than 1/2 and 1 had used so much (chemical) 
fertilizer before. This last year, I added urine, and only added a 
little fertilizer during the second trabajo. It gave me good results.
Author Before you changed (to using organic fertilizers), what was the 
average, how many hundredweights of chemical fertilizer did you 
use?
Pablo: Before, I always added only SO lbs. for each trabajo, which
means SO lbs for the first weeding, and 50 lbs. for the second 
weeding. But now (the past season), I hardly used any, I only 
used 50 lbs., which means to say I only added urine the first 
passing...and the insects did not cause any damage to my milpa.
Author There was no problem with gallina ciega?
Pablo: It was there, but when I made the final weeding. But later, when
I applied the urine, I think that they went to one side and died.
They did not cause any damage or infirmity to the milpa.
Pablo: So, the urine kills gallina ciega?
Author Yes, it has an odor. I do not know if it is the same as an
insecticide that kills the microbe that is gallina ciega. It (gallina 
ciega) does not stay in the crop. It goes to one side and dies, I do 
not know why, and they did not cause any damage to me this 
year.
Thus, he found that foliar applications of human wastes improved his maize yields 
through two mechanisms. First, the nitrogen supplied by the urine apparently 
improved his crop yields. Second, according to this fanner, the urine applications 
apparently also decreased the crop's susceptibility to attack by gallina ciega. He 
claims it was the odor, although the actual mechanism is not certain.
5.4.5.4 Permaculture in Rural Communities
A few farmers in several communities to the north of town have also been 
working with permaculture as an alternative to expensive agrochemical inputs. 
However, I encountered no participating farmers in the six communities where the 
majority of the fieldwork took place. One farmer from Aldea Manchertn Grande of 
Zaragoza expressed an interest in joining the group, and I shuttled him to the 
workshops conducted in April. However, when we were unable to transport him to 
the June meetings, he stopped attending the workshops. Thus, the relative 
remoteness of some villages greatly diminishes the possibility of local farmers 
participating in such workshops, barring a concerted effort on the part of a group
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of village adults, or on the part of ALTERTEC promoters, to bring the workshops 
to the villages.
5 .5  SUMMARY
The preceding discussion provides an insight into the situation that many 
Guatemalan farmers find themselves in today. The dual challenges of high population 
growth and uneven land distribution have led to a situation wherein many farmers are 
finding it harder to produce enough subsistence crops to feed their families. This is 
not the first time this has occurred, as the section on agrochemicals points out. Earlier 
methods of crop production, before the advent of commercial fertilizers, were 
associated with low crop yields. Several farmers mentioned that at that time they 
were forced to work on coffee fincas or coastal plantations.
When commercial fertilizers arrived, the farmers, suspicious at first, 
experimented with the new products by trying small amounts out on their milpa plots. 
They were amazed at the results, which increased their harvests as much as five-fold. 
Yet, their good fortunes were not to last As the years passed, they found that they 
needed to apply ever-increasing amounts of these fertilizers to maintain crop yields. 
Declining fertilizer effectiveness has been exacerbated by price increases, which were 
fueled by the oil crises of the 1970s and 1980s (von Braun et al. 1989; Goodman 
1992). Add to this the devaluation of the Quetzal from Q1.00 to the dollar before the 
mid-80s (von Braun et al. 1989), to approximately Q6.00 to the dollar at the time of 
the study, and it becomes clear why many farmers are beginning to wonder if their 
traditional reliance on milpa will continue to be a viable avenue for maintaining their 
families' future needs.
As a result, many fanners have begun to return to older methods. They have 
started to bury crop residues and and to add manure to their fields, in an attempt to 
decrease their capital inputs, while maintaining high yields. However, not all farmers
216
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
are willing to return to organic methods, since they are more labor- and time- 
intensive. Many farmers do not have enough land to provide full subsistence for their 
families. So, they often work off-farm in other pursuits, which leaves less time to 
invest in such time- and labor-consuming tasks as composting or manuring. 
Furthermore, to manure a milpa of about seven cuerdas, a fanner needs the manure of 
several large animals, which few local farmers possess.
One GSO-promoted system, known as permaculture, shows promise as a 
means of keeping crop yields up, while also decreasing fertilizer costs. However, at 
the time of the study, only a small minority of farmers were using the system. The 
relative remoteness of several study villages makes the dissemination of the practice a 
slow process. Meanwhile, many farmers are finding it harder to provide subsistence 
for their families on plots that keep getting smaller (von Braun et al. 1989).
Let us now look at another challenge faced by local farmers living in the 
peripheries of the two municipios, in the broken terrain at the edges of the 
Chimaltenango-Tecpdn Basin. Here, the normal problems of maintaining soil fertility 
are exacerbated by the additional hazard posed by accelerated soil erosion. In 
Chapter Six, I will discuss farmer perspectives on soil erosion and soil 
conservation.
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CHAPTER SIX: 
SOIL EROSION AND SOIL CONSERVATION 
6.1 Field Observations
Signs of erosion can be seen throughout this landscape. Rilling is most 
apparent (Figure 6.1). After intense rainstorm events, rills begin to appear in hillside 
fields, especially recently cleared ones. Over time, unless they are checked, small 
rills can merge to become large gullies (Figure 6.2).
Gullies expose subsurface horizons, and tend to break up plot continuity. 
Moreover, once a gully has started, it can affect more than one field (Figure 6.3). 
Most local soils' subsurface horizons have higher clay, and lower organic matter 
contents, than do their topsoil horizons. When exposed, subsoil horizons are harder 
to hoe, because the clays become sticky when wet, and harden upon drying. 
Furthermore, the lower organic matter contents found in subsurface horizons usually 
result in lower ion exchange capacities, and lowered soil fertility.
In some cases, the soil is removed to the point that crop roots are restricted by 
tepetate or bedrock. Although tepetate can be broken up with a pickaxe, farmers 
cannot work it with a hoe. In many cases, once tepetate is exposed, the field is 
abandoned. During early reconnaissance, I encountered several fields that had been 
abandoned because erosion had thinned the soil to the point that it restricted root 
growth (Figure 6.4), or had removed the soil altogether (Figure 6.3).
6.2  Local Perspectives on Soil Erosion
Many effects of accelerated erosion, such as rills and gullies, can be readily 
observed in the field. Since fanners spend a large portion of their time preparing 
and weeding their fields, it stands to reason that they have observed these erosion 
signs, as well. To obtain local fanner's perspectives on both short- and long-term 
erosion that might be occurring in their fields, I posed this question to interviewees 
during semi-structured interviews. Rather than asking them directly about soil
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Figure 6.1: Rilling occuring in a hillside milpa.
\
Figure 6.2: Gullying.
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Figure 6.3: Rills and incipient gullying in a hillside milpa.
Figure 6.4: Shallow topsoil over tepetate is restricting maize development in 
hillside milpa.
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Figure 6.S: Erosion has completely stripped the topsoil from this field.
erosion, I instead framed the question in terms of whether or not the interviewees had 
noticed any problems caused by heavy rainstorms, to avoid leading them into the 
answer that I was seeking. This also allowed for flexibility in the type of answers 
that they gave, including problems unrelated to soil loss.
The explanation for this questioning strategy is simple. First, I wanted farmers 
to provide the answers in their own words, therefore I wished to avoid leading them 
into a set answer. Second, rainfall intensity is a major factor that contributes to 
runoff, and to the initiation of erosional processes. Gentle rains falling over a long 
period of time, on the other hand, may not induce erosion, especially in the local 
context, where porous ash deposits often result in rapid infiltration rates. Intense 
rainfalls, however, can lead to rapid rill and gully development, as well as slope
221
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
failure. All of these erosional features have short-term effects that are readily 
noticeable in the field.
Interviewees and survey respondents provided a variety of answers to these 
questions. However, several common themes emerged.
6.2 .1  Survey Responses
The possible answers listed in the questionnaire are based on the more common 
answers that were given by interviewed farmers during the semi-structured 
interviews. The answers given by the interviewees provides more insight into how 
local farmers may perceive the damage that intensive rainstorms can bring to their 
crops and fields. They also provide greater understanding of how farmers relate their 
observations of erosional processes to the longer-term effects that accelerated soil 
losses can have on crop production.
Survey responses to two questions related to the short and long term effects of 
soil erosion on farming systems are presented in Tables 6.1 and 6.2. When asked 
what problems are caused by intensive rainfall events (Table 6.1), most respondents 
gave responses that indicated that they associated heavy rains with some type of 
erosion-related problem. The remaining farmers either claimed that there were no 
problems associated with heavy rainfalls, or related intense rainfall to wilt caused by 
soil waterlogging.
When asked "If this (their answer to the question in Table 6.1) occurs for many 
years, how does it affect the soil?" nearly nine out of every ten respondents indicated 
that erosion occurring over a period of several years caused problems for their crops 
(Table 6.2). Over half of the respondents claimed that this made the soil poorer.
Twenty one respondents gave a response to the effect that all of the good soil is 
carried to the valleys. Nearly one-quarter of the survey responses indicated that it 
made the soil harder, or exposed subsoil horizons.
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Table 6.1: Answers to the survey question: What occurs when it rains hard on your 
fields?
Answer:
Number of 
Responses % of T<
It carries the soil to the valleys. 74 51%
It breaks the surcos. 37 26%
It removes the plants or seedlings. 23 16%
It does not cause any problems. 18 13%
It causes rills or gullies. 15 10%
Other. 8 6%
It causes the plants to mildew. 5 3%
Erosion-related problems 119 83%
No problems, or not related to erosion 25 17%
Total 144
Table 6.2: Answers to the survey question: If this occurs for many years, how does 
it affect the soil?
Number of
Answer: Responses % of Total
It makes the soil poor. 68 56%
It carries all the good soil to the valleys. 21 17%
It makes the soil hard. 21 17%
It has no effect on the soil. 16 13%
Other. 1 1%
It leaves only the subsoil. 6 5%
Erosion-related problems. 106 87%
No problem. 16 13%
No answers given 22 18%
Total Responded 122
6 .2 .2  Visible Effects of Rainstorm Events
When I asked what happened in their fields during heavy rainstorms,
interviewees were quick to point out that topsoil tends to be removed, and then
carried downslope, often into streams, or onto fields in the open valleys. Sometimes
the crops are carried away along with topsoil and other sediments:
Author We can start where we left off. According to your experience,
what are some of the biggest (contemporary) problems that you've
encountered in agriculture?
Farmer Look before, the problem that we had, one could say that we did
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eroded easily. So it just washed away. That is why, when we 
learned that we needed to make the contour plantings, that helped 
us a lot.
Author So, for you, that was a big problem: soil erosion?
Farmer Yes. (Pamumus farmer Sgo)
Author Okay, Well, have you had problems with steep terrain, have you
had problems when it rains hard?
Farmer Of course. The plants go with the water downward.
Author It goes downward?
Fanner Yes, that's what the land does when it rains too much, it takes it 
(the crop) with it (Los Chilares fanner Csp)
Author That is a problem, right, in steep places? When it rains very hard, 
what happens?
Farmer The water washes away the soil. Because, in the end, the people
did not have the study, nor the experience to enable them to protect 
it (the soil)... (Paquixfc farmer Fgx)
Author Do you have any problems when it rains hard?
Fanner If there are problems, as in our plot, I which is not level, only steep
terrain, even though we work the soil, only with beds. Oh, those, 
as you know, with surcos. That is what we use, but when the 
rains come down hard, the furrows fill up, and it erodes and 
sometimes the harvest goes with it. The water washes it all away.
At the same time, the soil becomes poorer. Well, it erodes badly, 
because they are steep places, it goes with the rain... (Paquixfc 
fanner Jgx)
Interviewees also noticed that when surcos breach, rills and gullies may form in their 
fields:
I noticed that rills had formed on the steeper portions of the field. Eaj said that
the water concentrates in one spot when it rains hard, and breaks the surcos.
(Las Colmenas farmer)
Author And also, when the soil, when it rains hard, is it also removed?
Farmer Does it erode? Well, halfway past the growth period, build ditches
at one time, or perhaps that it washes all at once, or the surco is 
(desvorona). Or maybe the surco is o.k., one does not find it the 
same, because it makes a great exitway 0 think he means a gully 
here), here, another over there. That is the point. (Las Colmenas 
fanner Josd)
Features like rills and gullies can readily be seen, even at a distance. Farmers, 
who spend such a large portion of their time in their fields, cannot help but be aware 
of these features. However, there is a difference between recognizing such features
1 This plot has a slope gradient of approximately 36%.
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as being caused by heavy rainstorms, and recognizing several less obvious effects
that such processes may have on soil productivity.
6 .3 .3  Subtler Effects:
6.2.3.1 Topsoil and Organic Matter Removal
Interviewees also associated heavy rainfall events with the removal of topsoil
and organic matter, which they linked with declines in soil productive. According to
them, it can also have more direct effects by washing away applications of manure or
chemical fertilizers. They also noted that topsoil removal exposes subsurface
horizons that are harder to work, and that the exposed subsoil contains less nutrients
than the humus-rich topsoil:
Author And when the soil erodes a lot, does it cause problems, or not? Or 
are you only losing time?
Farmer Yes, you only lose time. Yes, if it erodes the workable portion of 
the soil (topsoil), then it leaves only the hard portion (subsoil), 
and that is hard to work. But, by working it, you can improve it 
once again, which lasts a little bit more, and then the rains come 
again, and it washes away again, and you work it and it becomes 
workable again. And so it goes...
Author The only problem with eroded soil is that it is harder? or are there 
other things that happen, like does it still have the same fertility 
as before, or not?
Farmer Not really. Because, before the soil was friable and workable,
and it has more organic matter. That is what the water carries away.
What is left behind is really hard, and has hardly any nutrients. 
(Paquixfc farmer Die)
Yes, more or less, because it is a little bit level. So the water does not carry it 
away, however, on steeper terrain, it does, even if one works it well. But, 
when it rains hard, it takes everything, it erodes it and this soil (cascajo) 
remains here. (Pachitur farmer Syo)
Author But, did you notice if it (reducing soil losses by constructing
contour grass strips) affected the fertility of the soil?
Farmer Yes, it is that, since the soil does not erode so much, the soil, the
litter remains, the soil remains soft, that (Pamumus farmer Sgo)
Author That was good, then. And did you use, for steep places, did you
apply manure cm the milpa?
Farmer Yes, they did, enough. Now, no, well, no. They use only a
handful for each mata. Soon it is washed away, even though they 
mound i t  it washes away. (Paquixfc farmer: Fgx)
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6.2.3.2 Crop Losses:
More important than the physical removal of the mineral and organic soils, 
erosion can also remove crops, which has an immediate effect on crop production 
(see Figure 6.3):
Author But, if there are not any contour plantings [to protect it]?
Farmer If there are not any contour works, oh god, it all erodes away,
almost at once!
Author And this causes problems for the crop, or not?
Farmer It causes problems.
Author How?
Farmer Until the maize, where it is planted, it is carried away when the
water passes through. It carries away all of the seed. (Pamumus
farmer: Sgo)
Author Okay, well, have you had problems with steep terrain; have you 
had problems when it rains hard?
Farmer Of course. The plants go with the water downward. (Los 
Chilares farmer Csp)
Author So, the loss is a big one when it rains hard, then?
Farmer Yes, it is very big, because at times we make out, like we do over
there on Sarima. When I went up there to look, up there it had 
rained quite a bit, well our harvest was washed away by the water 
also, and it goes and a lot erodes, and the soil erodes and the crop 
also goes with it At least, the vegetables do not survive...
(Paquixfc farmer Jgx)
Thus, according to these farmers, crop removal is one immediate consequence 
of gullying that is associated with heavy rainfall. Although the farmer can re-plant his 
crop if this occurs early enough in the season, if it occurs later in the season, this is 
lost production, since the plants need to have begun maturing before the onset of the 
dry season.
6 .2 .4  Longer-Term Effects
Longer-term effects on crop production caused by soil losses include fertility 
losses and extra labor costs that result from the lower workability of exposed 
subsoils. Interviewees mentioned both of these longer-term effects.
Author If one has, then, a location that is very steep, and it rains very hard, 
then it erodes?
Farmer In time, it becomes poor.
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Author It becomes poor also, right?
Fanner With time, it becomes poor. It will not produce milpa anymore.
We have a plot over there on the other side. There are 6 cuerdas. 
Earlier, when I was very young, it produced good milpa there, but 
now the milpa no longer produces, because all of the land is 
abandoned. Good soil. The water washed it into the river. So 
now you only see the poor red soil. Much work, and now it 
produces very little. That is why I do not plant there any more, 
because it does not produce anything for me... (Las Colmenas 
farmer Jlu)
On the way to visit Ccu (Las Lomas farmer), we passed a steep patch of land 
covered in scrubby vegetation. It is a piece of land that has a shallow, black 
soil capping cascajo (tepetate). It has eroded to the point that cascajo outcrops 
in places. According to Gc (Las Lomas farmer), this is a piece that he and his 
family originally worked, then sold to another family. Gc's family worked the 
land for 2-3 years. The second set of owners worked the land for another 2-3 
years, then abandoned i t  (Personal fieldnotes taken on October 24,1996 visit 
to Los Chilares and Las Lomas with Clc)
Author That piece with cascajo was used before for planting?
Farmer Yes, they used it, like I told you yesterday. It is because the owner
did not want to work so much, and the land was ruined. Grass and 
weeds sprouted, so now he cannot plant it without working it deep, 
and killing the grass. Then he can plant it the next year. (Pachitur 
farmer Syo)
One farmer also associated soil losses and the consequent exposure of subsoil 
horizons with increased susceptibility of plants to attack by insect pests such as 
gallina ciega:
Author Have you had any problems with gallina ciega?
Farmer There are times that, yes I do, there are times I don't In black
loam, in pure Mack loam, it hardly is a problem. Only in clayey 
loams, there you'll have a lot of gallina ciega, with clay. I like to 
prepare more, applying a little less, but there isnt any money to 
maintain the crop well. There is where we have failed.
Later in the Interview:
Farmer Like that one prepares it hoe the soil. Not much, there is where it 
is bora, in the harder, poorer soils, there will be more gallina 
ciega.
Author When it is soft, there isnt so much gallina ciega?
Farmer Yes, of course. Veiy little gallina ciega in soft earth. Since it is
soft, you apply fertilizer, it helps a little. You apply a small 
amount When there is a little money, you apply a little pesticide. 
That helps a little more. It helps a little more. It produces a little 
bit now.
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Later in the Interview
Farmer Tierra barrial, there is hardly any tierra negra [on the hillslopes].
Author So, there is more clayey soil on the steep terrains.
Fanner It has more gallina ciega, perhaps, it needs preparation to liberate.
Author And you have a lot of problems with erosion, and with gallina
ciega?
Farmer There always is.
Author When it is badly eroded?
Farmer It pretty much produces the same, or perhaps the gallina ciega
does not see the organic matter, because they stay there to eat what
one puts in the soil.
Author So, if the soil does not have any organic matter, there are more
problems with gallina ciega?
Farmer Yes.
Author So, since tierra negra has more organic matter?
Farmer It has more organic matter, and it is "colder", the gallina ciegas do
not stay around, because the soil is "cold". In clayey soils, on the 
other hand, it is somewhat "hot", and there the gallina ciegas 
multiply.
Author And, since in clayey soils there is not so much organic material...
Farmer Yes, its...
Author But there is more [organic matter] in tierra negra...
Farmer There is more, perhaps only a little more, it only needs a little
additional to maintain it 
Author So, because of that when there is a problem with steep terrain, a
problem with high erosion, there also is a problem with gallina 
ciega? Because the topsoil is eroding away, right?
Farmer Yes.
Author And the topsoil is what contains the fertilizers and organic
matter...
Farmer Yes. (Paquixfc farmer Die)
Since gallina ciega is an important crop pest, farmers are keen to find ways to combat 
i t  Therefore, they are often very cognizant of what factors might lead to greater 
incidence of damage caused by the grubs (Dix 1995).
6 .2 .5  Crop Production and Slope Position
Some farmers noticed that, when topsoil is removed by erosional processes, all 
of the good soil ends up in the valleys. This in turn tends to make the valley soils 
more productive:
If one does not struggle, one does not get anything. Others who have good 
terrain need very little fertilizer, and they harvest more maize than one does* 
because their land is bottomland, which the water does not erode. There it is.
Or, one can say that the soil that comes down off the hillside, ends up in the 
bottomlands, that is where good maize is grown. (Later in the conversation)
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One has to be diligent to look for ways to construct ditches on the hillsides, so 
the soil does not erode away, or let's say that the fertilizer that one puts down, 
to the ditch it goes, to produce better below. Did you understand? Build the 
ditch, or all the fertilizer that is here in the furrow, goes to the other land (the 
bottomlands?). (Las Colmenas farmer Josl)
This knowledge is also reflected in prices that fanners pay for different land 
parcels. Land on hillslopes is generally less expensive than land that is level, such as 
land on valley floors. For example one farmer from Comalapa (PP) paid Q22,000 
per cuerda for his land, which is located about one kilometer from the center of 
Comalapa's cabecera, where land prices are higher than in the outlying areas. This 
parcel shows various signs of degradation, including a hardpan at depth, a sandy 
surface texture, low pH, and low fertility. In contrast, he mentioned that a parcel on 
level terrain in the same area sold for Q30,000 per cuerda.
A farmer in Paquixfc (Jgx) mentioned that rental values also reflect these 
differences. In 1997, sloping land in Paquixfc rented for Q60-70 per cuerda 
annually, while land on the valley floor rented for Q80-100 per cuerda annually.
Some landowners were beginning to charge Q150 per cuerda in annual rental for land 
on the valley floor.
6.3  Soil Conservation Systems
Given the marginal terrain that most of these farmers cultivate, the potential for 
erosion-induced land degradation is high. The previous interview excerpts indicate 
that most local farmers are aware of these risks. The majority are also aware that the 
physical removal of topsoil materials can adversely affect crop production. 
Management of the erosion hazard is an important aspect of soil knowledge systems 
in such environments. Local farmers have at their disposal various traditional 
techniques for managing the erosion hazard in their fields. The main traditional 
conservation technique involves constructing surcos, or ridge and furrow features, 
along the contour. In addition, the Guatemalan government and various non-
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governmental organizations have promoted several conservation systems throughout 
the Highlands. These systems include bench terraces, contour grass strips, and 
infiltration ditches. Like small farmers throughout Middle America (Wilken 1987), 
many local farmers are innovative. They often develop their own conservation 
techniques that are based on observation, experience, and information exchange. 
Finally, many local techniques that have functions other than conservation as their 
primary purpose may also act to impede erosion. The following sections present 
some examples of variou soil-conserving mechanisms that I encountered while 
conducting research in the area.
6 .3 .1  Traditional Conservation Systems
6.3.1.1 Surcos (Contour Ridees and Furrows)
The most common conservation system for milpa uses surcos (Figure 6.6). 
Surcos were first mentioned in Chapter Three, in the section on the milpa cultivation 
cycle. Gene Wilken (1987) refers to surcos, or similar features, as "ridge terraces". 
Some farmers do construct tall surcos on steep slopes, and from a distance these 
features can resemble small terraces or stairsteps marching up a hillslope. Surcos are 
not true terraces, however. Rather, they are contour ridges similar to the conservation 
system that has been recommended for hillside cultivation in the United States since 
the early 19th century (Brady; 1990; Moore 1958).2 Also, unlike most terraces, 
surcos are temporary features. As outlined in Chapter Three, farmers build surcos 
up over the course of cultivation, in preparation for the calzada, when farmers scrape 
soil from the ridges to form conical buttresses for the maize plants, in an effort to 
minimize lodging caused by high winds. When farmers prepare the soil for the
2 West (1996, personal communication) believes that die Guatemalan surcos are indeed based on 
contour plowing, which may have been brought by the Spaniards, or later by ladino landholders 
who had observed the system elsewhere. According to Wilken (1967), Sahagtin does mention 
the building of mounds by Mesoamerican farmers, so they may also have had a version of 
contour ridges in place at the time of Contact
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Figure 6.6: Surcos in a hillside milpa.
following season's crop, they usually break down the past season's surcos to rebuild 
them again during the following cultivation cycle.
As mentioned in Chapter Three, soil type generally governs a particular farmer's 
surco-building strategy. If the soil is heavy and contains significant of clay or 
cascajo, the fanner may not construct full ridges, due to the extra labor that this would 
involve. Instead, after cutting the previous years' crop and weed residues, he will 
scrape unbumed residues and loose soil into small half-surcos (approximately 5-10 
centimeters high) that roughly follow the hillslope contour.3 If the soil is light 
textured, and contains higher amounts of silt, sand and/or organic matter, the fanner 
may then construct fully developed ridges. These ridges can reach over a foot in
3 If the farmer knows how to construct an A-frame level, he will use it to design guide surcos 
that more closely follow the contour, at intervals of several meters. Apparently, this is a 
technique that was introduced by local and international agricultural development workers.
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height at the beginning of the season, especially on steeper slopes where the erosion 
risk is higher.
Surco construction is a two-step process. The first is known as the rayado, in 
which the farmer builds the first half-surco that establishes surco alignment In the 
second pass, known as the tapado, the farmer builds the ridge to its full height.
While most farmers try to follow the slope contour, many are not completely 
successful. Many farmers only manage to construct their surcos perpendicular to the 
general inclination of the slope. As a result they often do not take into account 
natural variations in the slope's surface. This means that portions of the surcos are 
lower than others. This in turn can lead to water ponding, and contribute to surco 
breaching. Once a ridge has been breached, runoff concentrates at that point. The 
concentrated runoff then breaches the next lower ridge, and continues on down the 
slope. The final result can be a long gully. If there is no diversion ditch or mojdn 
separating the field from the one below it, the entire slope can be affected, and overall 
soil losses will be greater than if there were no conservation system in place (Troeh et 
al. 1980).
6.3.1.2 Supplemental Conservation Features
Many farmers are aware of this weak point in the traditional surco system. In 
an effort to minimize the effects of water ponding, they leave small transverse ridges 
known locally as cajuelas ("small boxes”) at two to three meter intervals in the 
furrows between ridges. Some fanners leave maize stumps from the previous 
season's crop to reinforce the cajuelas against collapse due to waterlogging. Thus, 
any ponding that occurs has a potentially much smaller catchment area than if cajuelas 
were not present, thus minimizing the risk of surco breaching during rainstorms.
Most fanners also dig shallow ditches known as cunetas (moats) around the 
perimeters of their fields. Cunetas are intended to divert runoff from rills or gullies
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away from farmers' milpas. 4 Some fanners improve on cunetas by digging 
additional zanjas (diversion ditches) that ran at a slight angle to the slope contour to 
divert runoff from ten to twenty meter slope intervals into cunetas that run parallel to 
slope gradient at the plot boundaries. These diversion ditches shunt the excess runoff 
into streams or ditches at the base of the slope. One drawback of such systems is that 
the force of concentrated runoff in the cunetas can often lead to gullying, unless 
fanners plant grass, or encourage weedy growth, to buffer the erosive forces of the 
runoff on steeper slopes.
6 .3 .2  Government and NGO-Promoted Conservation Systems
Local offices of the Dirrecibn General de Servicios Agrfcolas (DIGESA) along 
with various non-governmental organizations, have promoted soil conservation in 
Comalapa and Zaragoza since at least the early 1970s. My own field observations 
indicate that these institutions have had sporadic success in convincing fanners to 
accept the conservation techniques that they promote.
Bench terracers, contour live barriers, and infiltration ditches are three 
conservation systems DIGESA agents have promoted in the area. All three are similar 
to traditional conservation systems found in other parts of Mesoamerica. There are no 
similar traditional systems to be found in the study area, however. All local instances 
of these conservation systems have been adopted within the past several decades, 
usually through promotion by outside agencies such as DIGESA, or NGOs.
6.3.2.1 Bench Terraces
The bench terraces that have been promoted locally are similar in form and 
function to the temporal (rain-fed) terraces that Wilken (1987) describes in Good 
Farmers (Figure 6.7). Many bench terraces that I observed in the area were used for
4 According to Wischmeier and Smith (1978), slope length is a major factor contributing to the 
erosive force of runoff waters during intensive rainstorm events. Thus, by reducing slope 
length to that of a single farmers' field, cunetas can significantly reduce the erosive forces of 
runoff that might otherwise occur if the slope length was that of his field plus his neighbors'.
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irrigated flower production (Figure 6.8) Although similar features, such as the 
irrigated tablones of Panajachel (Solold department), Solold (SololS department), and 
Almolonga (Quezaltenango department) have apparently been used for many decades, 
perhaps centuries, for vegetable production in the departments of Totinicapdn 
and Quezaltenango, they are not common in the study area (McBryde 1947; Tax 
1964; Mathewson 1984; Wilken 1987).
6.3.2.2 Barreras Vivas (Contour Grass Strips)
Another conservation system promoted by outside institutions is known as 
barreras vivas. Barreras vivas essentially are grass strips planted to a species known 
locally as zacaton (Panicum maximun). The strips are planted on the contour and 
vary from one to two meters in width. Recommended spacing of the barriers depends 
on slope gradient and is four meters for a 50% (23*) slope. After three to five years, 
contour barriers begin to serve as effective conservation systems that aid in slowing 
runoff velocities, which in turn allows entrained sediments to settle out (Ldpez 
Hlmandez 1990). In time, barreras vivas begin to resemble sloping terraces (Figure 
6.9). Barreras vivas belong to a suite of conservation systems known as agroforestry 
or agropastoralism. One of the incentives that agricultural extension agents and 
NGOs use to promote conservation systems such as barreras vivas is that zacatdn can 
be used to feed farmers' livestock. This is an important consideration for potential 
adopters, since they must periodically trim the grass to keep it from spreading into 
their milpas and affecting crop production.
6.3.2.3 Zanias Infiltrantes (Infiltration ditches)
Infiltration ditches (Figure 6.10) are also promoted for conservation in the 
region. They are intended to trap runoff, and to allow the entrained sediment to settle 
out as the runoff water infiltrates into the soil, rather than running downslope. The
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Figure 6.7: Bench terraces.
Figure 6.8: Bench terraces being used for flower production.
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Figure 6.9: After several years, contour grass strips begin to look like sloping 
terraces.
%
'~ 5~
Figure 6.10: Infiltration ditch.
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farmer must periodically clean out the ditches when they fill with sediment 
Presumably, the farmer then spreads these sediments out over his fields to help 
maintain soil fertility, although I have no evidence that farmers actually do this.
6.3.2.4 Labranza Minima (Minimum Tillage)
As I mentioned in an earlier section, ALTERTEC promotes a Permaculture- 
based organic farming system in the area. One aspect of Permaculture is known as 
labranza minima, or minimum labor, in which the farmer hoes his fields as little as 
possible, leaving crop and weed residues on the plot surface.5 This increases 
groundcover, which mimics conditions that can be found on a forest floor. Increased 
groundcover reduces the effects of rainsplash and lowers runoff velocities, which in 
turn lowers the likelihood of sediment entrainment in runoff waters (Lai 1987,1990; 
Stocking 1981). One of the plots in the erosion comparison, which is described in 
Chapter Seven, belonged to a local farmer who works as a promoter for ALTERTEC. 
He was using the system of Permaculture in his agricultural system at the time of the 
study. Throughout most of the 1996-97 growing seasons, the plot surface of his 
milpa was covered with weed residues and pine leaf litter from trees he left standing 
in the plot, which is one of the features of labranza minima.
6.3.3 Local Farmer Innovations
Farmers also innovate when it comes to soil conservation. They may develop 
their ideas from observing natural phenomena in the local area, by observing their 
neighbors' actions, or by observing effective practices that they encountered in 
another region.
One farmer in Caserfo Panicuy of Comalapa used contour brush barriers in a 
small beanfield. He lined brush, maize residues, wheat straw, and the trunk of a 
banana tree along the contour in his field, and reinforced these brush barriers with
5 This system is known as minimum tillage in the United States.
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stakes at one-half meter to one meter intervals (Figure 6.11). This farmer was 
participating in a conservation project sponsored by DIGESA in Comalapa. He and 
the local extension agent had established several conservation systems on his fields, 
including terraces, contour grass strips, tree barriers, and infiltration ditches. He told 
me that he wanted to dig infiltration ditches on his plot, but did not have the time. He 
instead chose to use this method with which he would take one-half day to construct a 
brush barrier one cuerda-width long. On the other hand, he said that an infiltration 
ditch of that length would take him at least one day to excavate. This fanner also told 
me that he would rebuild these structures in different portions of his plot each season 
to build up the topsoil in places where it had been removed.
Another farmer in Aldea Xiqufn Sanahi of Comalapa used the concept of alley 
cropping on a miniature scale within his own plot. He intercropped rows of broccoli, 
maize and snowpeas (Figure 6.12). The overall effect looks more like a swidden plot 
than like a milpa. Although the farmer's primary goal was crop diversification, on a 
moderate slope such as the one in the photo, a system of this type may also prove 
effective for reducing erosive forces in the farmer's plot.
6 .3 .4  "Incidental" Conservation
In addition to all of the above-mentioned conservation systems, there are many 
features that fall under the category of what I call "incidental" conservation. These are 
features whose primary function is something other than soil conservation.
However, these features may also serve to impede soil erosion.
One such feature is the mojdn (plot boundary). In Comalapa and Zaragoza, 
many farmers plant zacaidn around field borders. These strips of grass serve as 
boundarymarkers, and also fodder for local livestock. On hillsides where mojdns 
trend perpendicular to slope gradient, they often act as barreras vivas. I once 
observed a hillslope from a distance, and saw what appeared to be contour grass
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Figure 6.12: Brush barrier.
Figure 6.12: Intercropping of broccoli, maize, snowpeas and blackberries in Aldea 
Xiqufn Sanahi, Comalapa.
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strips. Local fanners, however, insisted that they were mojrins, or boundary 
markers. As the photo shows (Figure 6.14), sediment collects behind mojtins and 
results in a sloping terrace-like appearance similar to that caused by contour grass 
strips.
Multiple cropping also helps to reduce erosion in fanners' fields. Intercropping 
beans, tomatoes, squash, and/or potatoes with maize increases the leaf canopy, which 
in turn provides more groundcover, thus reducing risk to soil particle detachment 
through rainsplash (Lai 1987; Stocking 1981; Rainey 1991). Also, increased root 
and stem densities within the surcos serves to anchor them, which may help to 
prevent ridge breaching.
6.4  Local Perspectives on Various Conservation Systems
Nearly 30 years ago Gene Wilken catalogued many conservation systems in use 
throughout Middle America (Wilken 1987). Most of the systems discussed in the 
previous section, with the possible exception of contour grass strips, infiltration 
ditches, and labranza minima appear in Chapters Six and Seven of his volume. 
However, the following questions are more important than what conservation 
systems are available to farmers: 1) Which systems do farmers use?; 2) Why do 
farmers choose one system or not choose another; and 3) What is the effectiveness of 
those systems? The remainder of this chapter is dedicated to answering the first two 
questions. The third question will be addressed in Chapter Seven.
6 .4 .1  Traditional System
Nearly every farmer builds surcos, even on level terrain. Generally, the steeper 
the terrain, the larger the surcos. Most farmers also strive to build surcos that follow 
the contour as closely as possible. They are not always successful. In an earlier 
section, I presented several interviewees' comments about how surcos can break 
during intense rainstorm events, which leads to rilling and gullying. These, and other
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Figure 6.13: Moj6n acting as a contour grass strip.
comments provided in that section, indicate that farmers may be aware of the 
shortcomings of surcos, especially on steeper slopes:
Author But the surcos are enough?
Farmer It is good enough, but they need to be pretty big, since it is very
steep. Yes, but surcos there, the water will deposit in each 
furrow. It isn't so easy for it to eroede, either. But, since the rain 
falls heavily (sometimes), even the big ones will go (break), as 
well.
Author When it is very intensive, then, they don't work, either. When it
breaks the surcos, do you repair the surcos afterwards?
Farmer Yes, we do it again, delineate it, start planting, because you form 
the surcos again. That is the way we do it, yes. (Paquixfc farmer: 
Jgx)
Many of these farmers also commented on how this happens when one does not
construct surcos carefully:
I always line up my surcos more or less along the contour. That has helped 
me a lot I always build my surcos that way, and it has helped me a lot, 
because if one builds his surcos so that portions are lower than others, then 
they will break (when it rains hard). (Pachitur farmer Pyr)
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Farmer It broke over there, where it is very steep, and the surco is very 
small.
Author Where did it break, here?
Farmer Yes. (Los Chilares farmer: Cgp)
Up there they are making runs so the soil goes away. So it is, many times they 
ruin their lands. It is the first that the winds knock down. He only put down 
straw down in the milpa, that man. One can see only one "chibola"6 that he 
built. He didn't build any surcos only a chibolita. The water went wherever it 
wished, and the soil became very poor, due to the way he worked the land.
Even though it may be steep, and one constructs surcos, this protects the soil. 
Because one does not build those "chibolitos" so the water goes wherever it 
wants to, no, because everything has its place, okay? (Los Chilares farmer 
Cgp)
However, some farmers are aware that even well-constructed surcos may not be 
enough, especially on steeper slopes:
Author Do you have land on steep terrain?
Farmer Of course, we only have land on steep terrain, not much of it is 
level.
Author Both, steep and level?
Farmer Yes, although we have hardly any that is level, mostly steep.
Author Only steep. So, are there problems when it rains hard on these
steep plots?
Farmer Yes. In our steep terrain, only with water. There are times, when 
it rains hard, it carries away the soil. I want to prepare it some 
more, but we cannot Sometimes we build surcos along the 
contour, and perhaps it does help some, but we cannot do much.
[later in the conversation]
Author The only problem with eroded soil is that it is harder, or are there
other things that happen, like does it still have the same fertility as 
before, or not?
Farmer Not really. Because, before the soil was friable and workable, it 
has more organic matter [nutrients]. That is what the water carries 
away. What is left behind is really hard, and has hardly any 
nutrients. (Paquifc farmer Die)
Yet, when I posed the survey question: "What do you do to keep the water from
washing away the soil when it rains hard?", most respondents (117) replied that they
used surcos, or combined well contoured surcos with the use of crop residues, and/or
periodic surco repair (Table 6.3). Moreover, most also claimed that these efforts
alone were sufficient even during the heaviest rainstorms (Table 6.4). Chi-square
6 It is not clear what a chibolla, or chivolla is. I could find no translation for it  Here, however, 
he appears to be speaking of a half-surco, or cursory alignment of weed residues.
242
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(Table 6.5) analysis indicates that whether or not a farmer used contour grass strips 
or infiltration ditches is not significantly correlated to farmer responses. Thus 
farmers apparently felt that their current practices were adequate for countering 
erosion This poses the question: Do the previous farmer perspectives represent a 
minority viewpoint, or can this apparent contradiction be explained by other 
considerations?
Perhaps part of the answer lies in an observation made by A.C.S. Wright nearly 
40 years ago. Wright claimed that fanners may not notice moderate amounts of 
erosion occurring in their fields until its effects have advanced to the point of 
serious degradation (Wright 1962). Wright was referring to sheet erosion, which is 
not as noticeable as rill and gully erosion. As we have seen, much of the erosion in
Table 6.3: Responses to the question: What do you do to keep the water from 
washing away all of the soil whenever it rains hard?
Number of
Response Responses % of Total
Builds surcos. 58 42%
Leaves cornstalks in the furrows 26 19%between contour ridges.
Builds well-contoured surcos. 25 18%
Uses ditches (diversion or 12 9%infiltration)
Builds well-contoured surcos, plus 5%leaves cornstalks in furrows. /
Uses grass strips. 7 5%
Repairs surcos 2 1%
Total 138
Table 6.4: Responses to the question: Do you think that is enough, even when it 
rains very hard?
Number of 
Response Responses % of Total
Yes, it is enough. 114 83%
No, it is not enough. 23 17%
Total 137
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Table 6.5: Table showing the frequencies of answers to the previous question, with
the number that use terraces or grass strips set to zero.
Reactsuf x Ditchyes 
Reactsuf x Grass trp
Pearson Chi-Square
Asymptotic
Sigma Exact Sigma Exact Sigma 
df (2-sided) (2-sided) (1-sided)
1 0.623
1 0.997
Fisher's Exact Test 1.00 0 .589
0 .652  0.393
1.00 0 .589
Reactsuf x Ditchyes 
Reactsuf x Grasstrp
the study area manifests itself in the form of rilling and gullying. Sheet erosion may 
be the dominant force on bare plots without any surface modifications, but contour 
ridges are very effective at minimizing sheet erosion. However, rills and gullies that 
begin as surco breaches can move large amounts of sediment across the landscape. 
Because such features are readily observed in the fields, fanners are aware of rilling 
and gullying, and the effects of soil removal, which several interviewees indicated in 
their answers to my question about the effects of heavy rainstorms on their fields.
An alternate explanation is that these farmers perceive most problems caused by 
erosion to be surmountable, given anough time and patience. Surco breaches can be 
repaired. Even exposed tepetate can be improved if the farmer has a pickaxe, plenty 
of muscle-power, access to animal manure, and two to three years to work the 
organic materials in to the depth of an azaddn blade. Organic matter applications and 
chemical fertilizers can improve most low fertility soils, at least in the short term.
Despite this, a large number of survey respondents have been concerned 
enough about the effect of soil loss on their crops that they have sought out alternative 
solutions. The following sections cover farmers' perspectives of terraces, 
conservation ditches, and contour grass strips.
6 .4 .2  Bench Terraces
Bench terraces are not very common in the study area (Table 6.6). The main 
reason for this is that local farmers produce relatively few horticultural crops for
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Tabic 6.6: Responses to question: Have you constructed terraces on 
your land?
Response
Has built terraces. 
Has not built tenaces. 
Total
Number of % of 
R esp o n ses  T o tal
8 6%
1 3 4  9 4 %
1 4 2
market. Although Gene Wilken (1987) reports the use of temporal and tablon 
terraces for maize and wheat production in the departments of Totonicapdn and 
Quezaltenango, my own observations and conversations with farmers in Solold 
during reconnaissance in 1993 indicate that farmers there plant maize in their irrigated 
tabldn terraces only in the interim between planting horticultural crops for market. 
Likewise, survey responses (Table 6.6) indicate that only eight of the respondents 
had constructed bench terraces on their lands, which supports the ethnographic data.
When asked why they used terraces, the majority (Table 6.7) of those few who 
did cited soil conservation as a primary factor. Another fanner said that terraces 
improved the soil. Another gave an unclear answer, and the eighth respondent did 
not provide any reason.
As to farmers' reasons for not constructing terraces, the answers are more 
varied (Table 6.8). The largest single response (40) indicated that many fanners were 
unfamiliar with the system. The most common set of responses (69) refers to farmer 
perceptions that terraces decrease crop production, at least at the outset They are, in 
order of magnitude of responses: 1) that terraces require a lot of time and labor to 
build and maintain; 2) that terraces take a lot of land out of production; 3) that terrace 
construction often inverts soil horizons; and 4) that terracing increases the risk of 
slope failure. Several fanners (22) claim not to have any need for terraces. Finally, 
fourteen fanners mentioned that they do not terrace because they do not own the land 
that they cultivate.
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Table 6.7: Responses to the question: Why did you build terraces on your land?
Namber of % of 
Response Responses Total
Because terraces don't allow
the soil to wash away. 5 4%
Because terraces improve the
soil. 1 1%
Other 1 1%
No answer. 1 1%
Total 142
Table 6.8: Responses to the question: Why have you not built terraces on your land?
Number of % of 
R esponse R esp o n ses  T o tal
Because farmer does not know
how to build terraces. 40 28%
Because terraces take a lot of
time to build and maintain. 32 23%
Because terraces take a lot of
land out of cultivation. 32 23%
Because terraces are not
necessary. 22 15%
Because farmer does not own
land that s/he cultivates. 14 10%
Because, when one builds
terraces, the infertile subsoil
winds up on top. 3 2%
Fanner lacks the resources. 2 1%
Terraces cause landslides. 2 1%
Fanner does not like teiraces. 2 1%
Because of violence. 1 1%
T o ta l 142
The first set of responses to this question reinforces the impression that most 
local farmers are not familiar with bench terraces. This is probably due to historical 
and geographic factors which kept Comalapa from developing a system based on the 
production of horticultural crops. The tabldn systems of raised beds and hillslope 
terraces in Panajachel, Solold and Almolonga, on the other hand, are based on the 
raising of irrigated vegetable crops for sale at local and regional markets. On steep 
slopes, flat terrace surfaces have allowed farmers to control the flow of water to their 
fields, and to control application rates, using little more than hoes for tabldn
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construction and pakmganas (pans) to apply water to the terrace surface. Bench-type 
terraces, by creating a level surface, also allow more water to infiltrate into the soils, 
rather than being lost as runoff. Additionally, terrace soils generally retain higher 
organic matter contents than do soils on unterraced hillslopes. Organic matter also 
has a high water retention capacity, which is an important factor, since most vegetable 
crops have high water demands. Moreover, level terrace surfaces allow for closer 
supervision of vegetable crops for signs of water stress and insect damage than 
would be possible on an unmodified slope surface. Terraces also facilitate 
fertilizer and pesticide applications, which are important considerations in the 
production of many vegetable crops (Wilken 1987). This is especially true of 
the many export crops that are now being grown by farmers in other parts of 
the Highlands.
However, it is debatable whether bench terraces provide any dear benefits for 
milpa production, excluding the potential long-term benefits of soil conservation. 
Maize is a hardy grain crop that can survive under a variety of climatic and edaphic 
conditions (Annis 1987). Also, maize spacings are rather wide, approximately 90 to 
120 centimeters between rows and 80 to 100 cm between matas on the same ridge 
(Orozco Mirando 1978; Annis 1987; Wilken 1987; personal observations 1993- 
1997). This spacing serves to minimize root competition between plants, and to 
allow farmers to move between plants for tillage, fertilization, and mound-building 
(Wilken 1987; personal observations 1993-1997). Moreover, the answers provided 
by survey respondents in Table 6.8 indicate that terraces may have several important 
consequences in the eyes of local farmers.
First, farmers mention time as a major factor for not constructing terraces. The 
reader will recall from Chapter Two that to cultivate S.8 cuerdas of milpa, which is 
the median size needed to sustain an average five person household requires between
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104 and 145 worker days per year. Add to that time the approximately 18-36 worker 
days to cultivate the average bean plot, and the average amount of time a local farmer 
may need to dedicate to subsistence for his/her family may be as much as 181 worker 
days per year. Table 6.9 provides information on labor inputs associated with the 
various conservation systems discussed in this chapter. Based on the information in 
the table, terrace construction on the median holding size of seven cuerdas would 
require 4 to 5 months in soft sediments and over two years in cascajo. Of course, if a 
farmer hires laborers, the time would be reduced considerably. However, this 
requires capital to hire the laborers. The two survey respondents who claimed a lack 
of resources for not building terraces call attention to this issue; although theirs was 
not a majority response, one might translate a lack of time to also mean a lack of 
resources.
Second, many local farmers apparently consider space to be as important a 
factor as is time when they consider whether or not to use a new technique that 
involves modifying a field surface or a hillside. The following three accounts should 
indicate just how strong this feeling is among many Highland farmers. During my 
first reconnaissance trip into the region in the summer of 1993,1 noticed that, while 
many farmers in the region surrounding Lake Atitldn used tabldn terraces on the 
slopes, very few of these plots were planted to maize. Instead, farmers used the 
same contour ridge system that is used in Comalapa and Zaragoza for milpa 
production. On one particular reconnaissance trip to the department of Solold, I 
visited a local DIGESA office and commented on this observation to one of the 
extension agents, and asked if he knew why this was so. He replied, "I am not 
sure, but now that you mention it, I imagine it is because terraces take a lot of time 
and labor to construct and maintain." He then added "Why don't we ask them?", 
pointing to two gentlemen dressed in the gaily embroidered trousers and jackets
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Table 6.9: Work inputs associated with the various conservation systems discussed 
in this chapter.
With
Conservation Sediment Ease of Work three
System Source Type W orking S lo p e In p u t* * w orkers W idth
Contour Ridges Personal 
observation 
and farmer 
comments
Various Various Various 18 to  30 6 to 10 .9-1.1
meters
Contour Grass Local Various. Various. Not 18 to 29 6 to 10 4-5
Strips conservation
promoters.
avail. meterst
8
m eterstt
Infiltration Plot 2c Friable, organic- Easily 46% 62 21 10
Ditches rich clay loam. workable. m eterstt
Plot 3b* Clay to clay 
loam.
Difficult to 
work.
40% 190 63 5
m eterstt
Plot 3a* Clay to clay 
loam.
Difficult to 
work.
41% 244 81 5
m eterstt
Dehn (199S Sandy gravel to 
silty sand
Easily
workable.
56% 53 18 Not
available
Dehn (199S) Strongly 
compacted silts 
to fine sands, 
with hard pan.
Difficult to 
work.
22% 263 88 Not
available
Contour Brush 4b Plot 4b Difficult to 56% 118 39
Barriers work.
EPDB Silt clay loam. Moderately
workable.
56% 94 31
Terraces Wilken
(1987)
Loam Easily
workable.
56% 146 to 
184
2 meters 
wide
Comalapa Silt loam. Moderately
workable.
27%(?) 220 73 2 meters 
wide
Dehn (1995) Tepetate Difficult to 
work***
22% 956 319 Not
available
*Based on excavation rates for sediment collection ditches (Refer to Table 7.1).
**8 hours labor per person per day.
***Requires a pickaxe or crowbar.
tBased on recommendations made in Orozco Mirando (1978). 
ttBascd on actual s pacings observed in Pam urn us. 
tttB ased  on spacings used in erosion comparison
that identified them as local farmers. "Pedro, this norteamericano wants to 
know why you do not terrace your milpa plots. I told him it is because you do 
not have the time or money." I also added," I noticed that most people here 
terrace their vegetable gardens, but do not terrace their milpas. I was curious as 
to why not" The farmer replied, "Well, really, that is not why we do not terrace 
our milpa. We do not terrace milpa because we do not have enough land." I was at
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a loss. The agricultural agent was taken aback, as well, judging from his reaction. 
Here was new information. "Why do you say that you do not terrace because you do 
not have enough land? I do not understand," I said, although a glimmer of 
comprehension was beginning to form in the back of my mind. "Well, maize needs 
a lot of space to grow, about this much," using his hands to indicate a space of 
about one meter, "and when you terrace your land, you take this much space on the 
slope, and actually shorten it when you make a flat terrace," again demonstrating 
with his hands, "You cannot plant as many rows of maize on one cuerda of terraced 
land as on one cuerda of unterraced land, perhaps a third less. And we need to feed 
our families on the little bit of land that we already have. We cannot afford to 
plant any less maize." Later that week, I accompanied another DIGESA 
agent when he visited a village to the northwest of Sololl We visited several 
local farmers who were hoeing under the previous season's cabbage crop on his 
terraced garden. Across the way was an unterraced milpa on a steep slope.
Once again, I posed the question to one of these individuals. "Because we do 
not have enough land," he replied, again mentioning that terracing takes a 
significant amount of land out of production.
The third occasion occurred during a reconnaissance trip to Aldea Pachitur that I 
took during the summer of 1994. I had accompanied a local DIGESA promoter 
around the village so that I could observe local farming systems, take soil samples for 
fertility analysis, and so I could select a future site for dissertation research. When 
we passed one field on a 30* slope, the promoter mentioned that he and the local 
DIGESA office had helped the fanner build terraces on this field in order to help 
conserve soil. The year after they had built the terraces the farmer removed them and 
levelled his field out once again. DIGESA then helped him to plant contour grass 
strips in this field. When I asked my companion why the farmer had removed the
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terraces, after so much work to construct them, he replied, "He said that he did this 
because the terraces took up too much planting space. He said he was losing land 
because of the terraces."
Some basic calculations should illustrate why farmers claim a loss of planting 
surface due to building terraces on their land. Using dimensions supplied by Gene 
Wilken (1987: 116-117), I derived the following equation to determine how much 
space is lost.
A = R*L*W 
Where
A = cultivable terrace surface,
R = w/1,
L is field length, and 
W is field width
and 1 = (w/cosgj )+(l/2w *cosgr)
Where
1 = amount of slope converted to one terrace width
w = width of planting surface from riser to riser
gs = slope gradient, in degrees,
l/2w = backslope height, and
gr = retaining wall gradient in degrees
Wilken (1987) mentions that a vertical retaining wall is inherently unstable, so 
farmers provide a slightly inclined retaining wall, if they do not use reinforcing 
stoneworks. This explains the angle of the backslope in the above equation. Using 
Wilken's example, a bench terrace with a planting surface 2 m wide replaces nearly 
2.6 m of cultivable slope surface on a 40% (18*) slope. This results in a 23% loss of 
available planting surface. To arrive at this value, plug in the equation:
First, solve for 1:
1 = [w/cos(18)]+[l/22 *cos(60) ] = 2.6 m 
Then solve for R:
R = w/1 = 2/2.6 = .77
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Finally, find the difference between die original amount of land that has been 
converted to terraces, and the amount of terrace surface that can be planted to maize. 
Assume that a farmer wants to convert one cuerda of land to terraces. A local cuerda 
measures 40 varas X 40 varas. One vara is equal to approximately .84 meters, so a 
one cuerda plot measures 33.4 m X 33.4 m = 1116 m2. We can simplify the 
equation:
A = A0*R
Where Ao is the original land area being converted to 
terraces, so that:
A = (7 ca*1116)*.77 = 7812 m2 = 6015.4 m2 = 5.39 ca.
Thus, a terraced seven cuerda milpa only contains 5.4 cuerdas of planting surface. 
This is less than the minimum land holding size of 5.8 cuerdas that I calculated would 
be needed to provide the minimum requirement of maize that would be necessary to 
adequately maintain a median-sized family of five members. Thus, farmers' 
complaints about losing space due to terracing has merit. It is doubtful that any of 
these fanners had actually calculated this relationship. Rather, their answers are 
based on their own experiences, or observations of other farmers' experiences, with 
terraces.
Finally, fourteen survey respondents claimed that they did not terrace because 
they did not own the land. This corresponds with several studies (Elbow 1981; 
Rainey 1991), that have shown that fanners who do not own the land that they 
cultivate will not invest in improvements on that land. This is due to their fear that the 
property owners will revoke their right to use it, and thereby reap the benefits of the 
lessee's investment.
6 .4 .3  Infiltration Ditches and Diversion Ditches
Like terraces, controlling the flow of water is the primary purpose of infiltration 
and diversion ditches. Diversion ditches also often serve as boundaries between
252
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
fanners' plots (Figure 6.14). The data in Tables 6.10 and 6.11 indicate that the 
proportion of local farmers who use ditches as a conservation device in their fields 
is much larger than the proportion of those who claim to use terraces for soil 
conservation. Still, over 60% of the survey respondents claim that they do not use 
ditches in their fields.
Table 6.10: Farmer responses to the question: Have you built ditches or acequias that 
follow the contour of the land?
Num ber o f
R esponse R esp o n ses % of Total
Have built ditches along the
contour. 55 39%
Have not built ditches along
the contour. 85 61%
T o ta l 140
Table 6.11: Farmer responses to the question: Why have you built ditches or 
acequias that follow the contour of the land?
N um ber o f 
R esponse R esp o n ses  %  of Total
To protect against water runoff. 28 51%
To protect the soil against
erosion. 28 51%
T o ta l 5 6
As with terraces, time and labor inputs prove to be too high a cost from the 
perspective of many survey respondents (Table 6.12). Eighteen respondents 
claim to be unfamiliar with the use of infiltration ditches as a conservation device. 
Fourteen respondents think that conservation ditches are unnecessary, and eleven 
respondents feel that ditches take too much land out of cultivation. Finally, another 
nine respondents claim that they do not own the land that they cultivate, and therefore 
are reluctant to make any improvements, for fear of losing access to the land in the 
future.
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Figure 6.14: Diversion ditch serving as a boundary between farmers' properties.
Table 6.12: Farmer responses to the question: Why have you not built ditches 
or acequias that follow the contour of the land?
Number of
Response Responses % of T
Does not have the time. 28 33%
Not familiar with the system. 18 21%
They are unnecessary. 14 16%
Such ditches take a lot of land
out of cultivation. 11 13%
Too much work. 9 11%
Farmer does not own the land
s/he cultivates. 9 11%
Other 4 5%
Farmer's lard is level. 1 1%
Uses divers.on ditches, instead. 1 1%
Total 85
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Returning to Table 6.9, labor inputs for conservation ditch excavation, while 
not as high as for terrace construction, are still significant, ranging from S3 worker 
days for a seven cuerda plot in soft sediments, to as much as 263 worker days for the 
same seven cuerda plot in soils that contain cascajo, or similar materials.
Fewer respondents claim unfamiliarity with the use of ditches for conservation 
than claim unfamiliarity with the use of terraces. This is not surprising, since Wilken 
(1987) mentions widespread use of diversion and infiltration ditches throughout 
Middle America, based on fieldwork he conducted 20 or more years ago.
As to the eleven respondents who claim that ditches take too much land out of 
cultivation, since the ditches themselves take up very little space (35-50 centimeters 
each) their reponses probably refer to the observation that excavated subsoil materials 
are usually deposited downslope from the ditches, and often affect an area as much as 
two meters wide in that direction (Figure 6.15). In this case, the less fertile subsoil 
horizons at the surface may affect crop production for a number of years, until they 
can be worked into the original topsoil (Dehn 1995).
As with terraces, the nine respondents who do not own land also have less 
incentive to excavate ditches for soil erosion control, given the potentially high labor 
inputs required to dig and maintain the ditches. Again, the possibility of losing 
access to the land probably dissuades these farmers from putting in the extra effort.
6 .4 .4  Contour Grass Strips
It appears that fanners have also adopted contour grass strips at much higher 
rates than expected (Table 6.13), although over half (54%) of the survey 
respondents claim that they do not use them. Perhaps the higher than expected 
adoption has another explanation, since many local farmers also plant zacatdn along 
plot borders as a boundary marker, or mojdn. When a mojdn planted to zacatdn 
trends perpendicular to slope gradient, it also serves to retard erosion.
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Figure 6.15: Sediments removed from infiltration ditches can affect crop production 
downslope from the ditch.
Table 6.13: Responses to the question: Have you planted zacatdn along the contour 
(live barriers)?
N um ber of
R e sp o n se s  R esp o n ses  % of Total
Have planted contour grass strips. 76 54%
Have not planted contour grass
strips. 64 46%
T o ta l 140
Earlier, it was mentioned that DIGESA and other organizations promoting 
contour grass strips used zacatdn's use for fodder as a selling point to persuade 
farmers to plant grass strips in their fields. Apparently, this promotion technique was 
effective with those farmers who have large livestock (Table 6.14). Among the 64 
respondents who claim to use contour grass strips, the most common single reason 
given (30 responses) was that zacatdn provides good fodder. However, a large
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Table 6.14: Responses to the question: Whay have you planted zacatdn along the
contour (live barriers)?
R esponses
Number of
R esponses % of Total
Because zacaldn provides good 
fodder for livestock.
Because they lessen runoff. 
Because they reduce soil loss. 
Total
30
28
25
* 4
47%
44%
39%
number of respondents also identified runoff reduction and (28 responses) and soil 
losses (25 responses) as important reasons for planting the grass strips on their land.
Among those who did not use contour grass strips for conservation, the most 
common answers alluded to negative effects that grass strips may have on crop 
production (Table 6.15). The top reason (20 responses) for not using grass strips 
was that zacatdn affects milpa growth, either through shading effects, or through 
zacatdn's apparently aggressive competition for soil nutrients. The second group of 
answers plotted in Table 6.15 (19 responses) mentioned land being taken out of 
production by grass strips as being a major factor for non-adoption. Also important 
to many farmers are time (19 responses) and labor considerations (9 responses). 
Eight repondents felt that grass strips are unnecessary. The remainder of the 
responses touch on various other reasons that farmers gave for not using grass strips, 
including not having livestock to feed the zacatdn to, unfamiliarity with the system, 
damage by burrowing animals, lack of resources, and other personal reasons, all of 
which are valid concerns that I encountered during ethnographic work, but which 
were not expressed by most survey respondents.
The effect of grass strips on milpa production is readily observable in the field, 
even to the casual observer (Figure 6.16). During semi-structured interviews, several 
interviewees also claimed that zacatdn has a negative effect on milpa production, 
mainly through competition with maize for sunlight or for nutrients:
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Table 6.IS: Responses to the question: Why have you not planted zacatdn along the
contour (live barriers)?
Number of
R e s p o n s e s  R e s p o n s e s  % of Total
Zacatdn affects milpa growth. 20 26%
They take a  lot of land out of
production. 19 25%
Does not have the time. 17 22%
The farmer does not own the lands
s/he cultivates. 13 17%
Grass strips are a lot o f work to
plant and to  maintain. 9 12%
They are not necessary. 8 11%
Other 3 4%
The fanner does not have livestock
to feed it to. 2 3%
The farmer is unfamiliar with the
system. 2 3%
Gophers destroyed the grass strip. 1 1%
Does not have the resources. 1 1%
Just bought the land. 1 1%
Does not want to  modify the land. 1 1%
T ota l 7 6
Figure 6.16: Grass strips affecting milpa.
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Author But have you ever planted zacatdn (as contour barriers)?
Farmer Not that, no.
Authro: It was only infiltration ditches?
Fanner Only ditches (diversion ditches, actually) and weeds, the weeds 
grew there, that is all. That is to say, to plant zacatdn is good, but 
I don't have an animal. And another thing.Jf you plant zacatdn, 
soon it starts growing in the milpa, and I don't want that, 
since zacatdn is always growing and it is going to increase its 
territory, and seeks the good soil. But I plant milpa, and I
don't like it [zacatdn ] very much because it affects the milpa, and 
that is why I don’t plant it. (Paquixfc farmer Jgx)
Author Well, are there other things that you do to avoid water runoff?
Farmer Well, here, that is pretty much what they do. Others also dig
infiltration ditches or plant zacatdn, and that helps.
Author Have you planted zacatdn?
Farmer Not on the contour, mostly we just construct surcos in milpa.
Those help. If this doesn't work, and the soil erodes, one must 
till the earth for it to come out well.
Author Why don't you do other things, like dig zanjas, or plant zacatdn 
on the contour?
Farmer Because...well, we don't plant zacatdn on the contour because it 
affects the milpa.
Author Does it?
Farmer Yes, it takes all the abono, and the milpa doesn't grow.
It affects two surcos. If you plant a row of zacatdn, it affects 
two surcos on each side. For each curva [contour grass strip]. 
So, you are only working for work's sake. ...it depends on 
the owner, what wants...it's okay to plant zacatdn at the 
borders, where you have more room.
Note: [The interviewee's father now returns from their fields, and
joins the conversation. I explain that we are talking about 
conservation and contour grass strips. He asks if I think 
planting zacat6n is good. I say it depends, and relate my 
observations and field measurements of the effect contour 
grass strips planted to zacatdn have on milpa production, as well 
as my experiences with the erosion plot comparison (Chapter 7).]
Son: ...there are those who have animals, too, who want zacaie
[zacatdn]. Since they don't have any pastures, then they must 
plant zacatdn. Since they know that it also helps to prevent 
erosion, they plant it along the contour. They dont plant it 
parallel to the slope gradient If they did this, then they are 
helping the rain do its work [of erosion] (laughs).
Father One man who came to talk to us, he said that it is also good to
plant fruit trees, or other types of trees in rows along the contour, 
like those over there [he points to some fruit trees along a 
fencerow on the other side of the road]. And he says that where 
the trees are planted, one must dig an infiltration ditch below the 
row of trees. He says that you can then plant fodder for the 
animals under the trees. But, when the trees are bigger, they 
produce a lot of shade, and this also affects the milpa. The idea is 
probably that the roots will sustain the soil, so that it does not
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erode. This is true, but it also affects the crop. And if you plant 
beans, or something else, then it is more likely to be affected by 
disease. (Paquixfc fanners: Cpe and Jpe).
Author You dont use contour live barriers with zacatdn, do you?
Farmer Well, there also was a time when I worked with the agronomists.
They brought me a little bit of zacatdn seeds, of the type called 
Costa Rica, and I created some contour barriers with zacatdn, but 
not now. When there is really hard rain, it always breaks it. It 
never really works, it cannot handle it. Now, when there is not so 
much rain, the rain doesn't break anything. But when there are 
cloudbursts, it fails, even if there is a contour barrier [I think he is 
including both contour barriers and surcos, here], it goes.
Author Okay, even though there are well-made surcos, it goes?
Fanner Because it isn't enough. The stalks (that are there) to sustain it,
well the water always pools together and carries sediment with it, 
and breaks the surcos. I tried that and zacatdn, which also 
occupies a lot of space. I planted it up over there, and it 
uses a lot of nutrients. At least, the surcos nearest the 
zacatdn, that [the zacatdn] uses a lot of the fuerza (fertility) of the 
soil. Perhaps that is what also happens, that is what I've seen, yes. 
(Pachitur farmer Syo)
Based on my own observations, and on these conversations with local farmers, 
I conducted a small study to obtain preliminary data on the effect that contour grass 
strips may actually have on maize production. The methodology, raw data, and 
calculations appear in Appendix F. The final results appear in Figures 6.17,6.18, 
and 6.19. As these figures show, zacatdn does have a significant effect on maize 
growth. The effect is greatest within one meter of the grass strip, and diminishes 
slightly between one and two meters from the strip, and is negligible by the third row 
out from the grass strip. Average plant reduction during the October measurement 
was 25% for the two rows closest to the grass strip. Figure 6.19 shows that the 
effect extends to ear weight Average ear weight was reduced by 31 % for the two 
rows adjacent to the grass strips. Furthermore these figures underestimate the actual 
effect, given that the fanner and his laborers discarded nearly half of the ears 
harvested from these rows, due to excessive stunting or diseased appearance.
These effects of zacatdn also address the issues of land being taken out of 
production, when we consider that the width of the grass strips is one to one-and-
260
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Pl
an
t 
H
ei
gh
t, 
in 
C
en
tim
et
er
s
Distance from Grass Strip Distance from Grass Strips
Figure 6.17: Maize heights measured Figure 6.18: Maize heights measured on
on September 18,1996. October 12, 19%.
100%
K*
I
I
>
<
Distance (D) from Grass Strip
Figure 6.19: Ear weights measured on January IS, 19%.
261
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
one-half meters, or more. A hypothetical seven cuerda plot of equal dimensions 
(88.3 m x 88.3 m), using one meter surco spacings would have approximately 86 
rows, assuming that the plot is also bounded by a one-meter wide mojdn that is also 
planted to zacatdn. Using recommended spacings of four to five meters on a 56% 
slope, a farmer would plant a total of fourteen one meter wide grass strips, excluding 
the mojdns at the upslope and downslope ends (Orozco Mirando 1978). Thus, the 
farmer would only plant 72 rows of maize, which is a 16% reduction in the amount 
of maize that can be planted. More recent recommendations (World Bank 1988) have 
increased the spacing to seven meters, while the actual spacing observed in the 
study area is eight meters for a 52% slope. The latter spacing decreases the initial 
loss to nine rows, or to 10% of the total.
Combine the above-mentioned losses of planting space with the reductions in 
maize production caused by competition presented in Appendix F, and the total 
reduction using five meter intervals between strips may be as much as 36% (Table
6.16). If the interval between strips is increased to eight meters, the total loss in 
production may still be as much as 23%. Since 1 conducted this study using only 
two one cuerda plots, the figures presented here are only preliminary. However, if 
these figures are representative, then the effect is significant. Some fanners 
mentioned that they take these effects into account, and add more fertilizer to the rows 
closest to the grass strips, in an effort to offset the reduced production that is caused 
by zacatdn competing with crops. Still, given that many farmers are already feeling 
stressed by fertilizer costs, due to higher prices and increasing fertilizer needs, they 
may not consider grass strips a to be a viable option.
Finally, to address the respondents that mentioned time and labor as a factor, 
the photo in Figure 6.20 shows how zacatdn can spread into the milpa, which further 
multiplies the grass strips' effects on crop production, since the root system also
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Table 6.16: Estimated effects of grass strips on crop production.
Median Holding Size 7 ca 7 ca
Field Length 88.3 m 88.3 m
Field Width 88.3 m 88.3 m
Total possible rows 8 6 86
No. o f Plantings per Row 108 108
Median Production (Ih/ca) 6 8 6 686
Slope Gradient 56% 56%
Strip Spacing 5 m 8 m
No. of 1 m-wide Strips 13 9
Max. No. of Rows Planted 7 3 72
No. of Rows Affected by Zacatdn 5 6 40
No. of Rows Unaffected by Zacatdn 17 32
% Total Available for planting M aize 85% 89%
Effective Field Size 5.94 ca 6.4 ca
%  Potential Production for Affected Rows (From Appendix ??) 71% 71%
Mean % Potential Production for Affected and Unaffected Rows. Combined 78% 83%
Final Effective Field Size 4 .6 5.3
% Reduction in Effective Field Size 34% 23%
Figure 6.20: Zacatdn spreading into the surrounding milpa.
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spreads out from these outiyers. A fanner must be diligent in trimming it back.
Thus, although Table 6.9 indicates that initial inputs for aligning and planting contour 
grass strips is low, these additional maintenance costs can increase the time involved. 
I have no data on how much labor is actually involved, but some respondents 
apparently feel that it is sufficient reason to keep them from adopting the system.
6.5 Summary
In the section on the traditional conservation system, I mentioned the apparent 
paradox that, while most farmers interviewed during the semi-structured interviews 
are aware that even well-constructed ridges fail during high intensity rainstorm 
events, most survey respondents felt that surcos reinforced by aligning crop residues 
in the furrows were sufficient to prevent erosion in their fields. The two answers 
seem contradictory, and bring up another question. Why do fanners acknowledge 
surcos' failings as a conservation system, yet still consider them adequate for the 
task?
Perhaps part of the answer lies in a much-cited observation made by A.C.S. 
Wright nearly 40 years ago. Wright claimed that farmers may not notice moderate 
amounts of erosion occurring in their fields until its effects have advanced to the point 
of serious degradation (Wright 1962). Wright was referring to sheet erosion, which 
is not as noticeable as rill and gully erosion. As we have seen, most erosion in the 
study area manifests itself in the form of rills and gullies. Sheet erosion may be the 
dominant force on bare plots without surface modifications, but contour ridges are 
very effective at minimizing sheet erosion. However, rills and gullies that begin as 
surco breaches can remove large amounts of sediment. As explained earlier, farmers 
are aware of rilling and gullying, and of the effects of soil loss.
An alternate explanation is that these farmers perceive most problems caused by 
erosion to be surmountable, given anough time and patience. Surco breaches can be
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repaired. Even exposed tepetate can be improved if the farmer has a pickaxe, plenty 
of musclc-power, access to animal manure, and two to three years to work the 
organic materials in to the depth of an azaddn blade. Organic matter applications and 
chemical fertilizers can improve most low fertility soils, at least in the short term.
Despite this, a large number of survey respondents have been concerned 
enough about the effect of soil loss on their crops that they have sought out alternative 
solutions. The majority of local farmers do not use terraces, judging by survey 
responses, semi-structured interviews, which is supported by my own field 
observations. As I explained earlier, this is because bench terraces provide no clear 
benefits in the local context, judging by farmers' comments. On the other hand, 
farmers' comments provide several reasons for why they might view terraces as 
having deleterious effects on crop production, at least over the short term.
First, as was shown, terraces can be costly to construct and maintain in terms of 
time and labor. Given that many farmers may work off-farm during the diy season, 
they may not feel that they have the time to construct terraces in their fields.
Moreover, most of the farmers I talked to indicated that they did not have the 
resources to hire labor to do the work for them.
Second, terraces initially take a significant amount of land out of production, as 
much as 23% in some cases. This is important, given that the median landholding 
size for the survey respondents is seven cuerdas, which is more than the mimimum 
required to supply minimal nutrition needs for a family of five. However, the amount 
of surface available for planting decreases to less than five-and-a-half cuerdas of 
planting surface when terraced, which is less than the minimum. Additionally, since 
seven cuerdas is the median landholding size, this means that one-half of the survey 
respondents own less than that amount of land. While many survey respondents 
supplement their landholdings by renting land, they are unlikely to invest time and
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money into improvements that would eventually benefit someone else (Elbow 1981; 
Rainey 1991).
The other two promoted systems, ditches and contour grass strips, have a much 
higher acceptance rate than terraces. Over a third of the survey respondents claimed 
to use ditches to control runoff and soil loss, while nearly one-half claimed to have 
planted contour grass strips. When the answers were combined to determine what 
proportion of all respondents used at least one of the systems, the overall proportion 
of survey respondents who claim that they use either system, or use both systems 
together, outnumbers those who claim that they do not use either system (Table
6.17). This indicates that efforts to promote these systems have been at least partially 
successful. Two caveats need to be made at this juncture, however. First, the 
question format was designed to avoid technical terms with which local farmers were 
unfamiliar. Thus, the questions asked "Have you built ditches or acequias (canals) 
that follow the contour of the land?" and "Have you planted zacatdn along the 
contour?" At the time, these seemed perfectly reasonable questions to ask.
However, later events, combined with field evidence and interviewee statements 
convinced me that they were not specific enough. It appears now that many farmers 
who said yes may have been referring to the diversion ditches mentioned earlier.
In the case of contour grass strips, the distinction is slightly different, but 
equally important I earlier mentioned that plot mojdns, or boundaries, planted to 
zacatdn often behave like contour grass strips (Figure 6.13). However, unlike grass 
bunds, mojdn spacing varies from as little as 20 meters, to as much as 80 meters. 
Slope length is a major factor contributing to the erosive forces of runoff. 
Recommended spacings for contour live barriers are less than 10 meters for slope 
gradients that exceed twenty-five percent, while many local farmers plant milpa on 
slope gradients that exceed 60%. Therefore, whether mojdns are as effective as
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Table 6.17: Use of conservation ditches and grass strips claimed by survey 
respondents.
f  % of
R esp o n se s  T o ta l
Number of respondents who claim to use grass strips alone 30 22%
Number of respondents who claim to use ditches alone 18 13%
Number of respondents who claim to use both 25 19%
Total who claim to use either or both systems 73 54%
Number of respondents who do not claim to use either 61 46%
T o ta l:  134 100%
contour live barriers in reducing soil loss on steeper slopes awaits further 
investigation.
In the case of infiltration ditches versus diversion ditches, the difference in 
protection against erosive forces that the two systems provide may be significant, 
since one retains sediments on the field, while the other allows them to be removed 
with runoff. In the case of contour grass strips versus plot mojdns, the difference is 
one of degrees, since contour grass strips are planted at regular intervals, while 
mojdns can be planted at widely varying intervals. Nonetheless, the fact that farmers 
may recognize the role that mojdns can play in reducing erosion is in itself significant, 
since it implies that farmers have picked up on the concepts involved, applied their 
own logic to the implementation of these principles, in a way that fits better within the 
local context
6.6 Concluding Remarks
It is apparent that most farmers, ladino and Kaqchikel, recognize the effects that 
erosion can have on their crops and Helds. Interviewee comments indicate that they 
have a sophisticated knowledge of how these effects manifest themselves. This 
knowledge is based on many years of observations and personal experience. Not 
only do they notice readily observable signs, such as rilling and the removal of 
plants and seeds, they also note subtler long-term effects, such as declines in soil
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fertility and workability that are associated with the loss of organic matter, and the 
exposure of subsoil horizons. Likewise, they often relate these effects with 
declines in crop production.
This knowledge is reflected in land prices, which are based on farmers' 
assessments of differences in soil type and degree of degradation. Thus, landowners 
expect, and receive, higher prices for lands that have productive soils. Degraded, 
less productive lands bring lower prices.
268
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
SOIL MANAGEMENT IN TWO HIGHLAND GUATEMALAN 
MUNICIPIOS: LOCAL PERSPECTIVES ON THE 
MANAGEMENT AND DEGRADATION OF SOIL RESOURCES
VOLUME U
A Dissertation
Submitted to the Graduate Faculty of the 
Louisiana State University and 
Agricultural and Mechanical College 
in partial fulfillment of the 
requirements for the degree of 
Doctor of Philosophy
in
The Department of Geography and Anthropology
by
Steven James Rainey 
B.S., University of Texas, 1984 
M. A., University of Texas, 1991 
December 2001
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER SEVEN 
PHYSICAL MEASUREMENTS
7.1 Introduction
Signs of erosion are evident throughout this landscape. Rilling and gullying are 
the most apparent sign of erosion-related land degradation (Figures 6.1 and 6.2). 
After intense rainstorm events, rills begin to appear in hillside fields, especially 
recently cleared ones. In Chapter Six, I explained that most local farmers use surcos 
to mitigate soil erosion in their fields, and consider well-constructed surcos adequate 
to the task of conserving soil, even on steep slopes. As I also mentioned in Chapter 
Six, however, surcos can exacerbate the effects of rilling. If they are not constructed 
completely along the contour, this can result in some portions of the furrows being 
lower than others. Water from long furrow sections converges at these low points, 
and often breaks the surcos during an intense rainfall event (Troeh et al. 1980:307- 
308). Once a surco ridge has broken, runoff tends to concentrate at the break, and is 
more likely to breach the ridge below it The final result can be a long rill or gully. If 
there is no diversion ditch or mojtin separating the field from the one below it, the 
entire slope can be affected, and overall soil losses will be greater than if there were 
no conservation system in place (Troeh et al. 1980: 307).
To provide a test of farmers' perspectives on erosion and its effects on crop 
production, I compared erosion rates in milpa plots under both the traditional and 
promoted systems. I designed a dual-tier approach to estimate both short term and 
long term soil erosion rates. The first stage incorporated a short term comparison of 
surcos' effectiveness in relation to that of several promoted conservation systems.
The second stage involved estimating long term erosion rates in milpa with surcos and 
wooded cover. The challenge was to find estimation methodologies that would 
provide reasonable estimates of both short term and long term erosion rates, yet 
would be feasible given the resources with which I would be working. The
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following section presents a brief review of the literature on soil erosion measurement 
and prediction, followed by a description of the selected methodologies.
7.2  Soil Erosion Measurement and Prediction
Given that I chose to estimate erosion occurring under ieal-world conditions, 
i.e., in farmers' fields, I needed to find an appropriate methodology. In many field 
studies, a first-order approximation may be all that is needed. If not, field studies can 
point to cases for which a more precise measurement methodology is needed. Lai 
(1990) and Hudson (1993) list several reconnaissance methods that can be used to 
obtain first-order approximations of soil losses under field conditions.
7.2.1 Measuring Changes in Surface Elevation
One technique involves measuring differences in soil surface elevation over time 
(Lai 1990; Hudson 1993). Actual methods vary, but the principle essentially involves 
marking soil surface elevation at the beginning of a study and returning periodically to 
measure changes in surface elevation. This can be done by using erosion pins, bottle 
caps, paint collars on trees or rocks, or by measuring the depth of root exposures 
(Harden 1988; Lai 1990; Hudson 1993).
A more accurate device for measuring changes in soil elevation is called a profile 
meter (Young and Onstad 1987; Ramfrez 1988; Hudson 1993). Ranger and Frank 
(1978) describe a version of a profile meter called the 3-F Erosion Bridge, which 
consists of a thirty-six inch carpenter's level with slots drilled into one side. This 
setup is then mounted on pins driven one meter into the soil surface. The pins serve 
as a permanent base for the device. Once the profile meter is installed and leveled, a 
pin is lowered to the soil surface through each of ten holes drilled in the frame. It is 
an accurate method of measuring soil loss. Major drawbacks are the time required to 
set up the stations, the inconvenience of having semi-permanent spikes protruding up 
from a farmer's field, and the need for exact placement of the support pins (Ranger
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and Frank 1978; Young and Onstad 1987). Also, cultivation practices cause periodic 
variations in the soil surface as fanners build surcos, weed, and calzar. These 
variations can lead to either over- or under-reporting of actual soil losses. The same 
is true with erosion pins and other methods of measuring soil loss through changes in 
the soil surface.
7.2.2 Portable Rainfall Simulators
Harden (1988,1990) describes a portable rainfall simulator that she used in her 
study of soil erosion in the Ecuadorian Sierra. The design is relatively simple, 
consisting of a six-inch diameter plastic tube two meters long, with a one-gallon bottle 
attached to the top. A hose connected to the bottle feeds a variable-intensity nozzle. 
Detached sediment collects on the downslope side of the base. The fieldworker 
weighs the collected sediment, and then multiplies that amount to estimate soil loss 
over a larger area. Unfortunately, the small collection area of the device's base 
precludes its use in a field that contains surcos, due to the inherent variations in 
microtopographic relief associated with the ridge and furrow system. Nor does such 
a device account for one of the most important factors contributing to soil erosion; 
slope length.
7.2.3 Comparing Upper Horizon Thicknesses
Another methodology involves comparing upper horizon thicknesses between 
eroded and non-eroded profiles (Lewis and Lepele 1982; Olsen and Beavers 1987; 
Rainey 1991). The fieldworker either measures topsoil thickness, depth to the zone 
of maximum clay content, or depth to the zone of maximum mass absorption 
coefficient My earlier study (Rainey 1991) indicated that this methodology may not 
produce reliable results for estimating erosion that has occurred over short time 
periods, since significant differences can occur in soil horizon thicknesses over a 
landscape.
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7.2.4 Measuring Rills and GulHes
Volumetric measurements of rills and gullies is another rapid means of 
estimating soil loss in the field. Soil loss through rilling can be estimated by 
measuring the cross section of all rills in a sample area, or along a sample transect. 
Such means of estimating soil loss are rapid, and are suitable for measuring change 
over short time periods. The accuracy of this method depends on how much inter-rill 
erosion is occurring due to splash and sheetwash. The underestimation of rill erosion 
using this method, even when one ignores inter-rill erosion due to splash and 
sheetwash, can be as much as ten to thirty percent (Hudson 1993).
7.2.5 Gerlach Troughs and Sediment Collection Devices
Other field methods for estimating soil loss are variations on the principle 
behind erosion plots, and measure the sediments being removed through collection in 
a trough, catchpit, or basin (Lai 1990; Hudson 1993). Some researchers trap 
sediments in collecting troughs, or Gerlach troughs, installed along the contour.
They use pairs of traps placed a fixed distance apart along the slope, and measure net 
soil loss or gain over the interval between the two traps.
A variation on the Gerlach trough is the use of simple catchpits to compare 
erosion between land use types (Hudson 1993). Hudson cautions that obtaining a 
reliable estimate of total soil movement requires a reservoir large enough to contain 
the entire flow and sediment load. He adds that smaller pits that only catch an 
unknown proportion of the sediment can be used to obtain comparative information.
7.2.6 Fallout Radioisotopes
One field method involves the measurement and comparison of radioisotope 
levels in the soil (Ritchie and McHenry 1989; Soileau et al. 1990; Higgitt 1995; 
VandenBygaart et al. 1999). One of the most widely used radioisotopes in soil 
erosion research is 137Cs. 137Cesium is a by-product of nuclear fission, and
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therefore does not occur naturally in soils. As a result, this particular radioisotope can 
be used as a tracer element to compare erosion rates over a known time interval. This 
time interval is usually based on the amount of time that has elapsed since the peaks in 
atmospheric testing of nuclear weapons conducted during the 1950s and 1960s.
7.2.8.1 fflsjQiy
The introduction of 137Cs into the environment began at a regional level in the 
1940s, with the first atmospheric detonation of nuclear weapons. The radioisotope 
first began appearing on a world-wide scale in 1952, coinciding with the first series 
of detonations of high output nuclear devices. Fallout peaked shortly after the intense 
series of atmospheric tests conducted in 1963. Measurable amounts of the 
radioisotope began appearing in soils in 1954 (Ritchie and McHenry 1989).
As early as 1960, several researchers observed the behavior of radioisotopes 
such as 90Sr and 137Cs in soils, and began to study the use of fallout radioisotopes to 
monitor sediment movement over the landscape (Menzel 1960). Beginning in the 
1970s, geomorphologists and agricultural engineers interested in estimating soil 
erosion and deposition rates within small watersheds also began to observe that the 
amount o f137Cs lost or gained was proportional to soil lost or gained within a given 
soil profile (Ritchie et al. 1974). Ritchie et al. (1974) compared 137Cs losses to 
erosion losses estimated using the Universal Soil Loss Equation (USLE), and found a 
logarithmic relationship between the two. Ritchie and McHenry (1975) later refined 
the equation they derived from this relationship, combining the results of their earlier 
work with those of studies that compared 137Cs losses against experimental plot data 
(Menzel 1960; Graham 1963; Rogowski and Tamura 1970; Ritchie et al. 1974). 
Ritchie and McHenry's (1975) equation was widely used for estimating soil losses, 
and involved comparing 137Cs levels in erosional profiles with 137Cs levels in a 
reference profile. The ideal reference profile is a profile that has experienced neither
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erosion nor deposition since the early 1950s, when 137Cs first began appearing on a 
world wide scale. Other authors have since developed equations to estimate erosion 
rates based on gravimetric and mass-balance comparisons (Brown et al. 1981a, 
1981b; Soileau et al. 1990).
Earlier equations were based on several assumptions that can be made when 
assessing 137Cs data (Soileau et al. 1990; VandenBygaart et al. 1999):
1) That 137Cs adsorbs rapidly and tightly to soil colloids and organic 
particles (Tamura and Jacobs 1960; Dalgleish and Foster 1996).
Levels o f 137Cs gamma radiation usually peak in the upper 5 to 10 
centimeters of a soil profile in uncultivated forest soils, and fall off 
dramatically below that depth, indicating that movement through 
the soil column is minimal,
2) That137Cs deposition was evenly distributed across the landscape 
in small watersheds, and
3) That the removal of 137Cs in harvested crops has been relatively small 
and uniform, and can be determined from soil cores collected at level, 
undisturbed sites.
However, Dalgleish and Foster (1996), VandenBygaart et al. (1999), and Quine 
et al. (1999) have noted that such assumptions fail to account for variations caused by 
entrainment of 137Cs in runoff at the time of deposition, tillage erosion, and local rain 
shower variations. During the latter half of the 1990s, several authors developed 
equations or models that account for these factors, while other authors have 
recommended sampling regimes that are based on statistical probabilities (Bajracharya 
et al. 1998; Quine et al. 1999; Zhang et al. 1999).
At this point, no one has yet developed a model that fits all situations. Indeed, 
as has been shown with various applications of the Universal Soil Loss Equation and 
other erosion prediction models and measurement techniques, it is probably not 
possible to develop a model or measurement that accurately measures or predicts soil 
losses that occur in a real-world situation. However, regardless of the many 
difficulties involved in deriving an equation directly relating 137Cs losses to actual soil 
losses, most researchers agree that it may be one of the best methods to estimate soil
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losses in areas where local conditions or lack of sufficient data make it difficult to 
estimate soil losses over a period of time as long as several decades.
7.3 Selected Methodologies
7.3.1 Short Term Comparison
The first selected methodology uses catchment trenches for comparing erosion 
rates under several conservation systems (Howeler 1987; Hudson 1993). Since I 
relied on farmers' approval to use their farm plots for the study, I set up comparison 
plots in a total of four watersheds rather than two, as originally proposed. Also, 
since I chose to use fields cultivated under actual local conditions, my comparison 
plots often had variable sizes and shapes, although plots within a single comparison 
had similar dimensions (Table 7.1).
The design does not provide accurate measurements of erosion rates, nor was it 
meant to do so. It does, however, produce a first approximation of comparative 
erosion rates occurring under actual field conditions. It enabled me to observe 
farmers' practices and erosion processes during one cultivation cycle. It also allowed 
me to compare personal observations with farmers' comments. An additional, not 
entirely unforeseen, aspect of this design was that the farmers who assisted in the plot 
construction also observed the amount of sediment that collected in the trenches. 
During mid-day meals, these farmers shared some of their observations. Their 
insights provided valuable additions to my ethnographic work.
7.3.2 Long Term Comparison
The second Held reconnaissance method involved using 137Cs to estimate soil 
losses within a small watershed in Caserfo Pachitur. I chose this second 
methodology because of its potential as a means to estimate long-term erosion rates, 
without the need to set up and monitor experimental plots. Also, although a number 
of authors have used 137Cs as a tracer element to monitor sediment movement in
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Table 7.1: Erosion plot dimensions.
P lo t
S l o p e  D im e n s io n s  C r o p p in g  C o n s e r v a t io n
W atershed P lo t  G radient (In x wi) Landuse S y s t e m ___________S y s te m
Watershed 1 la 8% 20 m x 14.5 tn Cultivated Fava beans, 
followed by
Low surcos for fava 
beans. Flat, tabldn-type
lb 10% 20 m x 15 m Cultivated
vegetables
M ilpa
beds for vegetables. 
Contour ridges.
lc 36% 19 m .t 15 tn Cultivated M ilpa Contour ridges.
id 38% 21 m x 18 in Cultivated M ilpa Contour ridges and 
infiltration ditches.
Watershed 2 2a 36% 35 m x 26 m Cultivated M ilpa Contour ridges and
(South ridge) contour grass strips.
Watershed 2 2b 51% 35 m x 33.4 m Cultivated M ilpa Contour ridges and
(North ridge)
2c 46% 35 m x 33.4 m Cultivated M ilpa
contour grass strips. 
Contour ridges, contour 
grass strips, and 
infiltration ditches.
2d 46% 33.4 m 
collection
Scrub
Forest
Scrubby
woodlands.
Second-growth forest 
with thick brush
2c 51%
trench (open) 
33.4 m x 35 m Cultivated
Secondary
growth.
M ilpa
thickets, weed cover, 
broadleaf saplings, and 
pine saplings.
Contour ridges.
2f 56% 33.4 m x 35 m Cultivated M ilpa Contour ridges and brush 
weirs constructed along 
contour.
Watershed 3 3a 41% 33.4 m x 26 m Cultivated Milpa. Incipient live barriers 
using locally-occurring 
shrub, known as sauco, 
and medicinals. Pine 
litte r.
3b 40% 33.4 m x 33.4 Pine- Second growth Pine canopy. Hardwood
m hardwood
stand.
pine hardwood under-story.
Watershed 4 4a 52% 24 m x 25 m Cultivated M ilpa Contour ridges.
4 b 56% 24 m x 25 m Cultivated M ilpa Contur ridges and brush
weirs constructed along 
the contour.
temperate regions, the number of studies using radioactive isotopes for this purpose 
in the tropics is limited (DeLaune, personal communications 1998-1999).
7.4  Particle-Size Analysis, Bulk Density and Moisture 
Content
7.4.1 Particle-Size Analysis
I conducted textural analysis on all samples collected over the course of the 
erosion plot comparison and the 137Cs watershed survey. I split each sample to
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obtain 50-70 g subsamples for particIe-size analysis with hydrometers and sieves. On 
those samples that had high amounts of organic matter, I used hydrogen peroxide 
(H2 Q 2) to remove excess organic matter, and to break carbon-clay bonds, in order to 
minimize colloid aggregation (Gee and Bauder 1986). I prepared the samples for 
hydrometer analysis using the procedure outlined by Tharpe (1991). I analyzed 
sample fine fractions (clays and fine silts) using standard procedures for the 
hydrometer method (Gee and Bauder 1986:404-405; Tharpe 1991), and time 
intervals outlined by Tharpe (1991).
7 .4 .2  Bulk Density Determination
While propping 137Cs watershed samples for analysis, I selected clods from 
each sample for bulk density determinations. I likewise selected several clods from 
surface and trench samples collected during the erosion plot comparison. The small 
size of several clods, and the lack of adequate laboratory equipment precluded the use 
of methods that require clods coated with impermeable, or semi-permeable, 
substances (Blake 1965; Blake and Hartge 1986). Instead, I chose the Sand Bath 
Method published by Briggs (1977).
The method involves weighing a known volume of packed sand1 in a container 
and determining the bulk density of the packed sand using the following equation 
Briggs (1977):
Equation 7.1; D band (g/cm3) = WcnH /V  mh
Where: D bcmri = Bulk density of the packed sand,
Wsand = Mass of the packed sand, and
Vand = Volume of the packed sand.
One then empties the container, leaving a thin layer of sand on the bottom to
provide a bed, places the clod(s) on the layer of sand, and then refills the container
1 The sand is first passed through 1 mm and 75 j<m sieves to obtain a predominantly uniform 
particle-size distribution. Compaction of the sand is accomplished by lightly tapping the side of
the containter while filling it with the sand.
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with sand. The sand remaining after re-filling the container and repacking the sand is 
then weighed, and its volume calculated from the above equation. Soil bulk density is 
determined using the following equation (Briggs 1977):
Equation 7.2: D bciod = W^od / Vdjgpiaooj sand
Where: D bdod = Bulk density of the clod,
Wdod = Dry weight of the clod, and
^displaced sand = Volume of sand displaced
by the clod.
7 .4 .3  Fertility Analysis
I separated out several soil samples collected during erosion plot comparisons, 
the Cesium-137 watershed study, and folk soil taxonomies. I split these to obtain 
ISO gram subsamples, then sent them to the Louisiana Agricultural Extension Service 
Soil Testing laboratory for fertility analysis.
7.5 Short-Term Erosion Comparison
7.5 .1  Field Methodology
The erosion plot comparison consisted of 14 plots that I set up in farmers' fields 
during the 1996 cultivation cycle. Two wooded plots were used to obtain baseline 
data. I did not gain access to bare fallow plots, and thus could not establish the 
opposite baseline of zero groundcover and zero conservation practices. Access 
difficulties also necessitated using a total of 4 watersheds in Comalapa municipio, 
rather than 2 in Zaragoza and Comalapa, as originally planned (Figure 7.1).
The plot design (Table 7.1) consisted of a series of one-quarter cuerda, to one 
cuerda, plots bounded on the upslope and downslope by infiltration ditches that 
followed the contour (Figure 7.2). Small soil bunds minimized lateral water 
movement beyond plot boundaries. I marked wooden stakes with 10 cm gradations, 
then placed them at 2 m intervals within the lower infiltration ditch on each plot 
(Figure 7.3). This provided a means to measure sediment accumulation within each 
collection trench. I monitored sediment levels by measuring the distance from the
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Figure 7.1: Map showing locations of watersheds used in the erosion plot 
comparison.
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Figure 7.2: Schematic diagram showing basic erosion plot design.
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Figure 7.3: Cut away schematic diagram of a sediment collection trench.
uppermost mark to the top of the sediment that had collected in the trench. I took 
measurements after every rainfall event for which more than 10 mm of rainfall were 
recorded at the Comalapa station within a 24 hour period, as measured from 7 a.m. to 
7 a.m..
I used rain gauges to monitor precipitation: one in Comalapa's cabecera, a 
second in Pamumus, and the third in Paquixfc (Figure 7.1). Comalapa precipitation 
records include the time period from Januaiy 1,19% to August 2,1997. Pamumus
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and Paquixfc records, on the other hand, only include the time period between 
September 6 and November 30,1996.
Due to delays in acquiring access to fanners' fields, and in finding workers 
who would be available on a daily basis, comparison plot preparation did not begin 
until shortly before the onset of the rainy season. Workers were available only on 
certain days, so preparation continued at intervals over the first four months of the 
season. As a result, erosion records begin at different times. Therefore, I designed 
Table 7.2 to reflect the different start up dates for the various plots within the 
comparison.
7 .5 .2  Plot Descriptions
7.5.2.1 Watershed One
The plots within Watershed One are located approximately one kilometer north 
of Comalapa's town center (Figure 7.1). The farmer's holding is rectangular in 
shape, with the long axis oriented upslope-downslope. The resulting configuration 
is shown in Figure 7.4. The mojdns, or grass borders, served to minimize the 
influx of runoff from outside the plot borders for all but the most extreme rainfall 
events. Sediment-level recordings for a storm at the beginning of the rainy season 
indicate that runoff from a neighboring field did flow into Plot lc at that time, 
causing contour ridge breakage. To prevent this from occurring during future 
events, I dug a separate pit at one end of the collection trench, and sealed it off 
from the remainder of the trench. I then modified the diversion ditch at the 
plot boundary to guide runoff into the pit This adaptation appears in Figure 7.4.
The farmer and his family provided all labor for cultivating his plots, including 
soil preparation, weeding, surco construction, tabldn construction, hand irrigation, 
and harvesting. He planted the upper three parcels to milpa. He had originally 
planted broadbeans in the lowermost plot in April, but fungus attacked them, killing
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In filtra lin n  D iteh
Plot Id
• D  C  lle c iio n  T ren chP it
Mojdns
(G rass  bo rd ers)
Plot lc
Footpath
Plot lb
Collection Trench
Plot la
P o l l u t io n  T ren ch
Figure 7.4: Schematic diagram of Watershed One erosion plots.
most of the plants. He then constructed small tabldn plots. These plots were similar 
in appearance to the Panajachel tabldns that were described by Mathewson (1984), 
although these were on a smaller scale than the Panajachel plots. Increased sediment 
levels immediately after the change in farming system reflect soil disturbance caused 
by this change in slope management systems (Table 7.2). I will explain this further in 
the Results section.
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7.5.2.2 Watershed Tm>
Watershed Two is located in Caserfo Pamumus (Figure 7.1). The stream 
drains in a southeasterly direction into the RTo Pichiquiej. Plot 2a lies on the north 
flank of the southern ridge. The second rain gauge was placed at the top of this 
ridge. Plots 2b and 2c are located on the southwestern flank of the ridge opposite 
Plot 2a. Plots 2d, 2e, and 2f are also located on the northern ridge, around a 
small promontory from plots 2b and 2c.
Plot 2a was planted to milpa during the study, and contained contour grass 
strips that were planted to zacatdn in the early 1970s. The grass strips are well 
established, and sediment collecting behind the strips has formed terrace-like 
features. The owner, a teacher in the Comalapa school system, paid wage 
laborers to prepare and to weed, his fields. He went out to his fields on Saturdays 
to plant, to fertilizer, and to monitor the maize crop.
Plots 2b and 2c are located on the flank of the northern ridge that bounds 
Watershed Two. In the mid-1980s the landowner planted contour grass strips at 
8 m intervals on 11 ca (1.23 ha.) of his land. The terracing effect is also beginning 
to develop in these fields, although it has not advanced as far as it has in 
the fields of Plot 2a's owner. The owner and his two sons work the plot, and 
provided all of the labor for planting, fertilization, and weeding. The owner hires 
workers to help with the harvest, however.
Plots 2d, 2e and 2f are located near the southeastern end of Cerro Pamumus, on 
the northeastern end of the watershed (Figure 2.5). The plots were aligned with 2d 
farthest upslope, and 2f farthest downslope, and 2e between them. While care was 
taken to minimize between-plot contamination, several major storm events caused 
breaching of the small earthem dike separating plots 2e and 2f. No overflow 
occurred in the uppermost ditch separating plots 2d and 2 e .
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The fanner cleared the cultivated {riots from a wooded area three to six years 
prior to the study.2 According to the landowner and several other locals, the 
Guatemalan army burned this wooded area during the 1980s to deny the San Martin 
Jilotepeque rebel group potential cover during the Counter-Insurgency. In 1996, this 
wooded patch still had not completely recovered from the burning, and vegetation 
consisted of scattered fire-damaged pines and charred stumps, interspersed with a 
dense brushy understory of hardwoods, pine saplings, and thorny species. The 
cultivated plots were planted to milpa at the time of the study. This farmer, who 
bought and sold livestock for local markets, also paid local wage-laborers to help 
prepare and weed his plots. The conservation system for Plot 2e was contour ridges 
alone. We constructed contour brush barriers in Plot 2f, placing them at five meter 
spacings. Soils are clays to clay loams.
7.S.2.3 Watershed Three:
Watershed Three (Figure 7.1) shares an interfluve with Watershed Two. The 
erosion comparison plots were located on the southwestern flank of the ridge, above a 
small tributary that drains into the Rio Pichiquiej (Figure 2.5). These plots were 
aligned one above the other along the flank of the slope, with the forested site below 
the cultivated site.
The landowner lives in the town of Comalapa, and commutes sporadically to 
work on his milpa. He also works as a promoter for ALTERTEC, and therefore did 
not have much time to devote to his crops during the study period. He hired local 
wage laborers to till the plot, but was late in ordering weeding of his fields. The 
maize crop failed, and he replanted it in tomatoes near the end of the season. This 
farmer manages his fields organically, using the permaculture system described in 
Chapter Five. He uses the tillage system known as labranza minima (minimum
2 The fanner said that it was three years, other farmers said it was six years before the study took 
place.
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tillage) in his plots. He also left several pines in his milpa. These management 
practices probably contribute to the high soil organic matter content in these soils. 
Groundcover is likewise high due to crop and weed residues left as mulch on the soil 
surface between surcos, and to pine needles constantly falling on the plot surface. As 
a result, ground surface conditions mimic those on a forest floor.
7.5.2.4 Watershed Four
Watershed 4 is located in Aldea Paquixfc. It is drained by Riochuelo Cruzabaj, 
a tributary of Rfo Tonajuyu (Figure 7.1). The comparison plots were side by side, 
just below the shoulder slope. Both parcels were planted to milpa during the 
comparison. The conservation system for Plot 4a was contour ridges. We 
constructed contour brush barriers at five meter spacings in Plot 4b.
The landowner also planted these fields to milpa. He abandoned plot 4b (in 
September, apparently due to stunting caused by excess weed growth, a layer of kaq 
ulew found near the surface in portions of the parcel, and soil pests (gallina ciega). 
This may explain some of the differences in calculated erosion rates for the two 
parcels recorded later in the comparison (Table 7.2).
7 . 5 .3  Results
7.5.3.1 Comparing Soil Losses Between Conservation Systems
Table 7.2 provides initial recording dates for each plot, and the cumulative 
erosion rates (estimated) for each plot, from the starting date to the end of the 
measurement period. This allows for comparing erosion records for plots that were 
prepared later in the season against those for plots that were prepared earlier in the 
season. Since plot sizes and trench volumes varied, I calculated total sediment losses 
for each plot over the periods indicated, and then converted these estimates of 
sediment accumulations to mass per hectare equivalents.3 Sediment level records for
3 I estimated the volume of sediments that collected in the trenches using simple geometric 
equations for determining the volumes of the trenches. While this is not a highly accurate
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Tabic 7.2: Mass conversions (tons/hectare) for sediments collected in trenches during 
the erosion plot comparisons. Median estimates appear in the upper row, 
mean estimates appear in italics in the lower row.
Bwta Plot Length Shu* 18-M«v 1-J— 7-Jun 11-Jon 14-Jtin 16-Jun 17-Jul 14-Aa« 27-Am 6-Sep »S<t
W S l la 20 8% 9.9 6.7 5.9 5.9 5.8 4.4 4.2 3.0 2.6 2.6 2.3
14.4 8.0 6.4 6.4 6.2 4.9 4.4 3.1 2.6 2.8 2.1
lb 20 8% 16.5 12.1 9.9 6.4 6.4 5.2 5.7 2.8 2.0 2.0 1.5
12.9 8 J 6.9 6.0 6.0 5.0 4.0 2.6 2.0 2.0 1.8
1c 19 36% 35.7 N/A N/A N/A N/A 23.4 17.0 16.6 14.5 14.5 11.0
38.8 23.9 20.2 17.6 14.4 16.8 11.8
Id 21 38% 18.5 N/A N/A N/A N/A 12.8 9.8 8.2 6.9 6.7 5.5
17.5 12.6 9.9 7.8 6.0 61 5.1
W S 2 2a 35 36% 4.7 4.4 4.4 4.4 4.3 3.4 3.4 3.4 3.1 3.2
J_5 3.3 3.4 3.3 3.4 1.8 1.9 2.0 2.0 2.0
2b 35 46% 2.0 1.4 1.0 0.8 0.8 0.6
1.3 1.0 0.8 0.6 0.7 0.4
2c 35 51% 1.9 1.9 1.3 1.0 1.0 1.2 0.8
1.9 1.9 1.4 1.0 1.0 0.8 0.9
2d OPEN 46% 2.3 1.3
3.0 1.3
2c 33.4 51% 28.3 18.7
20.3 9.7
2f 33.4 56% 26.5 12.7
25.4 10.5
W S J 3a 33.4 48% 3.1 2.8 2.4 1.8 1.6 1.5 0.8
2.4 2.6 2.1 U 1.2 1.2 1.0
3b 33.4 41% 3 3 2.2 1.9 13 0.9 0.8 0 .6
3.3 3.0 2.6 1.7 1.0 1.1 0.5
W S 4 4a 24 56% 31.0 28.3 21.2 19.5 14.3
24.1 20.6 16.1 15.9 10.5
4b 24 52% 17.4 15.9 11.0 10.8 6.6
16.9 13.4 9.1 9.1 5.4
all comparison plot trenches are presented in Appendices G.1-J.2. As Hudson 
(1993) points out, measurements of this type are necessarily crude. Rills deposited 
sediments in cone-shaped fans within the trenches.4 The collection trenches for plots 
2e, 2f, and 4a also overflowed on more than one occasion (see Appendices H.S, H.6, 
and J. 1). Furthermore, the trench design did not account for any suspended
estimation technique, it should suffice in a comparison such as this one, since the resulting errors 
are small relative to overall differences in calculated sediment losses compared between 
conservation systems.
4 Subsequent non-erosive events often resulted in re-distribution of sediments within the trenches, 
as data in Appendices 4.1-4.4 indicate.
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sediments that might have been lost through overflow. Therefore, soil loss estimates 
calculated from trench sediment levels may underrepresent actual losses, especially 
for the latter three plots. Therefore, the erosion estimates provided in Table 7.2 are 
only useful for comparing sediment losses. I will use median values (the top row) in 
the following comparisons.
Data for Plots la and lb (Table 7.2; Figure 7.5) are available for the entire rainy 
season. Estimates presented in Table 7.2 indicate that median estimated sediment 
losses were significantly higher for Plot lb (13.7 t/ha) than for Plot la (6.9 t/ha) 
earlier during the season (May 18 to August 14). After that time, median estimated 
soil losses for the two plots were nearly equivalent (3 t/ha for plot la, 2.8 t/ha for plot 
lb). One explanation is that the lower plot (la) contained maturing fava beans and 
prominent contour ridges at the beginning of the rainy season, while the upper plot 
was planted to maize immediately after the first rains, which occurred around May 11. 
At this time the farmer had only constructed 1/2 surcos.5 This is significant, since the 
first series of rainstorms deposited close to 100 millimeters of rain over a three-day 
period. Sediment levels in the trenches for these two plots also show a significant 
increase in sediment levels during and immediately following this series of rainstorm 
events.
Soil loss estimates were much higher for the steeper portions of the slope.
During the time period between June 19 and November 30, median soil loss estimates 
for plot lc were 23.4 t/ha, while those for plot Id were 12.8 t/ha. Thus, the 
infiltration ditches in Plot Id reduced sediment losses to approximately one-half those 
for Plot lc.
Figure 7.6 provides a graphic representation of comparative soil losses for the 
three month period between September 6  and November 30,19%. The estimates are
5 This is a normal practice on lands where hardpans or claypans render tilling difficult, unless the 
soil has been wened first Refer back to Sections 3.5.1.2 and 6.2.1.1.
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Watershed One 
Plots
Figure 7.5: Comparative soil losses between Watershed One comparison plots,
covering the period between May 14 and October 10,19%.
40.0 -r
J  3 5 .0 - -
•  ~  3 0 .0 - -  
S e
j  ® 25.0 ■ •w
= t  20.0 • -
5 15.0 • -
5 w 10.0 ■ -
£
a s  a a * »
All Plots
* #
Figure 7.6: Comparative soil losses across all four watersheds, covering the period
for all four watersheds. Overall, the addition of contour live barriers and infiltration 
ditches significantly reduced soil losses, when compared to contour ridges alone.
The addition of infiltration ditches cut soil losses by over one-half: 6.7 t/ha for 
plot Id versus 14.5 t/ha for plot lc. Contour grass strips reduced soil loss by over
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90%, and compare favorably with the two wooded sites, in terms of overall sediment 
losses. Estimated soil losses for plots 2a, 2b, and 2c were 3.1 t/ha, 0.8 t/ha, and 1.2 
t/ha, respectively. Compare this to plots 2e and 2f, with estimated losses of 28.3 t/ha 
and 26.5 t/ha for the same time period. The success of the contour grass strips 
compared to surcos alone is especially significant considering the steep slope 
gradients of these plots (46-56%).
Over the 85 day period between September 6 and November 30,1996, contour 
brush barriers also reduced soil losses by nearly half in Watershed Four (10.8 t/ha 
versus 19.5 t/ha). This conservation system was not effective in Watershed Two. 
The estimate of 26.5 t/ha for plot 2f is not significantly lower than the estimate of
28.3 t/ha for plot 2e. Since these two plots were aligned one above the other, with 
2e upslope from 2f, overflow from the upper plot entered the lower one on several 
occasions. Overflow from the upper plot may also have contributed to the collapse of 
two brush barriers in Plot 2f (Figure 7.7). Sediment loss was much higher for Plots 
2e and 2f than for any other plot (Figure 7.6), indicating the combined effects that 
slope length and slope gradient can have on soil loss. Comparing across watersheds 
in Figure 7.6, it is also clear that sediment losses for Watershed Four are also high 
compared to other plots in the study.
Soil loss was also comparatively low for plot 3a, being only 1.5 t/ha for the 
period between September 6 and November 30, and only 3.1 t/ha from June 14 
through November 30. High groundcover and forest root systems that still remained 
in the ground after the farmer cleared the plot probably helped to reduce rainsplash, 
increase infiltration rates, and decrease runoff in this organically-managed plot. The 
friable soil within some portions of the plot may have also increased overall water 
infiltration rates, which was reflected by the fact that standing water rarely collected in 
the sediment collection trench (Ives 1951; Shoji et al. 1993).
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Figure 7.7: Collapsed brush barriers in erosion plot 2f.
7.5.3.2 Hiyh-Intensitv Storm Events
According to Ldpez Hdmandez (1990), no rainfall events with less than 20 mm6 
recorded rainfall caused sediment movement in erosion plots during a study 
conducted at San Mateo Milpas Altas, Sacatepdquez Department.7 Based on this 
observation, I compiled a table of events during which over 20 mm rainfall were 
recorded at one or more of the three rain gauges that I monitored during the study. A 
total of 20 such events occurred in the town of Comalapa during 1996 (Table 7.3). 
Not all of these events resulted in sediment removal in Watershed One. Furthermore, 
sediment increases were recorded in the trenches at times when recorded precipitation
^ I will henceforth refer to any event for which over 20 mm was recorded as a high-intensity event.
7 San Mateo Milpas Altas is located 7 kilometers to the northeast of Antigua Guatemala and 
approximately 26 kilometers southeast of the study area.
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Table 7.3: Events during which at least 20 millimeters of rainfall fell at one or more 
gauging stations over a 24 hour period.
Comalapa Pamumns Paqul
Precipitation Precipitation Precipil
17-May 56
18-May 23
1-Jun 32
19-Jun 21
11-Jul 24
19-Jul 35
29-Jul 29
29-Jul 43
9-Aog 21
19-Aug 22
11-Aog 22
15-Aug 23
26-Aug 8 21
27-Aog 16 27
f-Sep 50 73 50
7-Sep 27 33 36
9-Sep 14 21 18
It-Sep 22 32 1 1
11-Sep 0 32
14-Sep 18 25 19
15-Sep 0 22
21-Scp 55 6 50
23-Scp 21 29 22
29-Scp 53 79 45
9-Ocl 39 50 43
4-Nov 13 33
5-Nov 14 36 0
19-Nov 17 22 8
was less than 20 mm. This indicates that rainfall patterns in the colonia where the 
Watershed One plots are located may not reflect rainfall patterns occurring nearer the 
town's center, where the first rain gauge was located. The distance between the two 
locations was about one kilometer.
During the 97-day period between August 25 and November 30,19%, a total 
of seven high-intensity events were recorded for Comalapa, while a total of 12 high- 
intensity events occurred in Pamumus. Between September 6 and November 30, a 
total of seven of these intense events were recorded for Comalapa, 10 for Pamumus, 
and nine for Paquixlc. Among these events, several caused significant sediment
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accumulations (median accumulation >3 nun) in one or more collection trenches 
within a single watershed (Table 7.4).
I recorded a total of eleven such events for Watershed One over the period from 
May 14 through November 8,1996. The first of these events occurred over the two- 
day period from May 17 to May 18,1996. At this time, a total of 79 mm fell near 
Comalapa's center. This event resulted in a median increase of 1.5 cm in Plot la, and 
nearly 2 cm in Plot lb.8 No other event occurring over the remainder of the rainy 
season resulted in such large increases in sediment levels across all plots in the 
watershed.
Large accumulations were recorded for several more events, especially in Plot 
lc: June 18/19;June 22; August 26; September6,7, and 23; October 9; and 
November 8. Several of these events resulted in only minor sediment increases for 
the remainder of the plots in the watershed. When the first major erosional event 
occurred, runoff carved several rills in the contour ridges, as indicated by sediment 
level increases at several measurement points. Thereafter, most sediments 
accumulated below the rills' mouths, which explains why some stakes consistently 
show larger sediment level increases than do others. Once the contour ridges were 
breached, lower intensity events (<20 mm) also initiated runoff and sediment 
movement along the rills.
During the period from September 6  through November 30,19%, I recorded a 
total of ten events that caused measurable increases in sediment levels for one or more 
plots in Watersheds Two and Three. Two such events caused large sediment 
accumulations in the collection trenches for Plots 2e and 2f. These were recorded on 
September 6/7 (106 mm two-day total), and on September 29/30 (79 mm). The
8 Plots lc and Id were not fully functional at this time. I later measured sediment levels when I 
cleaned the collection trenches to enable stake placement, which explains the recordings on June 1 
for Plot Id, and on June 6 for Plot lc. Given that a 32 mm event occurred on June 1, these 
figures cannot be directly compared with those for Plots la and lb.
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Table 7.4: Table showing rainfall records for the three stations, including those events 
for which £3 mm sediment was recorded in at least one plot
W atershed One Watershed Two w s Three WS Foui
1 l a l b 1 c Id I I 2 a 2 b 2 c 2d 2e 2 f 3 a 3 b I I I 4 a 4 b
16-May 15
17-May 56
18-May 21 1.5 2
1-Joa 32 0 0.7 5.38 2.3 0.1
18-Job 12 0 3 0.3 0.1 0 0.1 0
I6-Jan 21 -0.1 0 3 0.8 0.1 41.05 0 -0.05 0
28-Job 5
21-Job 11
22-Job 12 0.1 0.2 0.75 0.25 0.3 0.2 0.1 0.1 0.25
23-Jbb 10 0 0.1 0.2 -0.05 0.05 0.1
11-Jol 24 0 0.1 0.05 0.15 0 0 0 0 0.05
18-Jol 15 0 0
19-Jal 35 0.1 -0.1 0.1 0.05 0 0 -0.2 0.2 0.2 0.05 0.1
28-Jol 29 0 0.1 0.1 0.15
26-Jut 43 0 0.2 0.1
38-Jol 12 0.2 0.1 -0.05 -0.1 0 0 0 0.05 0
2-Aog 0 0 0 0 3 5 0.25 0 0.1 0.15 0.15 0.2 0.25 0.1
6-Ang 21
18-Ao* 22 -0.1 0 0.15 0.25 -0.1 -0.05 -0.1 0 -0.2 0 0.1
H-Aof 22 0.1 0.1 -0.05 0 0 0 0 0 0.1 0.1 4). 1
18-Aog 23 0.1 0 0.49 0.05 0.1 0 -0.1 0.1 0.1 0 0.2
2*>Aog 11 0.1 0 0.15 0.1 0 0 0.05 0.1 0.05 0.4 0.8
25-Aog 8 0 0.1 -0.05 0.25 10 0 0.1 0 0 0.05 0.7 0.1
28-Aog 8 0 0.1 0.3 0.1 21 -0.1 -0.1 -0.1 0 -0.1 0.15 0
27-Aog 16 0 0 0 0.05 27 0.1 0 -0.05 0.1 0.15 0.1 0.1
8-Scp 50 0.1 0.1 0.55 0.2 73 0.1 0.1 0.1 0 .5 5.35 3.3 0.15 0.3 50 0.4 0.5
7-Sep 27 0 0 0.45 0 33 -0.1 0 0 0.1 0 3 0.9 0.05 0 36 0.85 0 3
9-Sep 14 0.1 0 0.05 0.1 21 0 0 0.1 0.2 0.2 0.6 •0.1 0 18 0.2 0.2
16-Sep 22 0.1 0 0 0.1 32 0.05 -0.05 0 0 0.55 0.45 0.1 0.1 11 -0.1 0
11-Sep 0 32
14-Sep 18 0.1 0.1 0.05 0.35 25 0.2 0 -0.1 0.2 13 0.4 0.1 0 19 0.5 0.5
1 M ^ 0 22
18-Scp 1 0 0 0.05 -0.1 10 -0.1 0 0 0 0.55 0.1 -0.05 0 9 0 3 5 -0.1
21-Scp 55 0.1 0.1 0 3 0 3 5 6 0.05 0 0.1 0 0.5 0.8 0.05 0.1 50 0.2 0.2
23-Sep 21 0.1 0 0.41 0.1 29 0.2 0.1 0.1 0.1 0.4 0.15 -0.1 0.1 22 0.45 0
2*-Sep 0.2 0.1 0.15 0.5 5 0.1 0
29-Sep 53 0.1 -0.1 0.05 0.2 79 0.5 -0.05 0 0.2 1.95 1.55 0.15 0.15 45 0.95 0.4
9-Oct 39 0.1 0 3 1.4 0.1 50 0 3 0.05 0 0.1 0.1 0 3 0.1 0.1 43 0.25 0.6
23-Oct 8 17 0.1 0.15 0.1 0.2 0.1 0.2 0 0 0 0.4 0.2
4-Nov 13 0.3 0.1 0 0.2 0.2 0.25 0.1 33 0 3 0.2
8-Nov 14 36 0 3 0 3 0
18-Nov 17 0.85 22 -0.1 0 0 -0.1 0 0 -0.2 -0.1 8 0.1 -0.1
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effectiveness of live barriers and litter mulch are evident from the much lower 
sediment level increases recorded for Plots 2a-2c, and 3a, even after these heavy 
rainfall events. The effects of contour ridge breaching are signified by the fact that 
several rainfall events of less than 20 mm also caused sediment increases in the 
collection trenches for Plots 2e and 2f.
The September 6-7 and September 29-30 events also caused large sediment 
losses from the Watershed Four plots, although the effects were not as great as for 
Plots 2e and 2f. In all, a total of 8 events initiated large amounts of sediment removal 
in Watershed Four. Rill transport of sediments also resulted in sediment losses for 
non-intensive rainfall events for Watershed Four, as was the case for Plots lc, Id,
2e, and 2f.
7.5.3.2 Soil Physical Analyses
Soil texture and fertility data indicate serious degradation of the soil resource 
in the fields studied in Watershed One. A hardpan (cascajo) occurs between 40 
and 80 cm depth in these plots (Figure 7.8). This layer has a loam to sandy 
loam texture. Microscopic examination indicates partial between-grain cementation. 
Because of the steep slope in this section, we excavated the trenches to a depth of 
60 to 80 centimeters, depending on micro-undulations in the plot surface.
Plot 2a's soil profile (Figure 7.9) has loamy texture in its upper 40 centimeters. 
Apparent texture becomes coarser (sandy loam) from 40 to 60 centimeters depth. 
Texture fines to a silty clay below 80 centimeters. Closer examination of the coarse 
fraction after sieving revealed numerous colloidal aggregates. This can probably be 
attributed to the strong tendency among some volcanic clays to form highly stable 
aggregates that resist disaggregation. Soil colloids for many Andisols are exceedingly 
difficult to disperse using routine soil preparation procedures, especially after drying 
(Shoji et al. 1993). The samples collected from this plot were air-dried for ease in
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a. Plots la  and lb , showing soil
texture to 100 cm depth.
20-40 cm
40-60 cm
8 0 -1 0 0  cm
D Sand
■  Silt
■  Clay
b. Plots lc and Id, showing texture c. Plots lc and Id, showing 
for hardpan encountered between soil texture to 100 cm depth.
40 cm and 80 cm depth.
0% 50% 100% 0% 50% 100%
0-20 cm
20-40 cm
40-60 cm
60-80 cm
8 0 -1 0 0  cm
0-20 cm
20-40 cm
40-60 cm
60-80 cm
8 0 -1 0 0  c m
Figure 7.8: Soil separates distribution diagrams for Watershed One.
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a. Plot 2a, showing soil
texture to 100 cm depth.
0% 50% 100%
I...............| ■ 11 ii i i;
0-20 cm
cm
80-100
□  Sand
b. Plots 2b and 2c, showing 
soil texture to 100 cm depth.
c. Plots 2d, 2e, and 2f, showing 
soil texture to 100 cm depth.
0% 50% 100%
0% 50% 100%
2b Plot
Surface 
2c Plot
Surface 
2c Trench
0-10cm
10-28 cm
28-70 cm
70-95 cm
2e Trench
2e Plot
2f Trench
2f Plot
0-10 cm
10-30 cm
30-85 cm 
85-110
cm
110-135
cm
135-187
Figure 7.9: Soil separate distributions for erosion plots in Watershed Two.
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splitting. This may have resulted in excess colloidal aggregation, although 
fieldsampling also indicated a coarse texture. Under the wet-diy climatic conditions 
found in this region, Andisols tend to form highly stable aggregates that cannot be 
dispersed without special chemicals or sonic dispersion, resulting in a phenomenon 
known as "mountain granulation” (Shoji et al. 1993).9 Accordingly, this profile 
should have good infiltration and water holding capacity (Shoji et al. 1993). The lack 
of standing water in the collection trench even after high intensity rainfall events 
indicates that this is the case for the Plot 2a soil profile.
Texture (Figure 7.9) in Plots 2b and 2c is finer than for Plot 2a. Texture 
in these plots ranges from a clay loam in the upper 20 centimeters, to a clay in 
lower horizons. Dense root networks and resulting high organic matter contents 
impart a more friable consistency to soils immediately adjacent to the strips. This 
probably results in high infiltration rates at or near the barriers, as evidenced by 
the lack of standing water in the trenches even after high intensity storm events.
Cementing of colloidal particles was also noticeable in portions of the 
Watershed Three profiles, which probably explains the coarser texture at 60 to 80 
centimeters in the wooded plot, and at 40 to 60 centimeters in the milpa (Figure 7.10). 
Finer textured subsoils prevailed on the southeastern ends of the trenches.
The soils in the Watershed Four plots were fine textured, ranging from clay 
loams in the A horizons to clays in the B horizons (Figure 7.11). In addition, 
portions of the B horizon contained a red, sticky clay material known locally as Kaq 
ulew, which exhibits lateritic properties.10 In some places in Plot 4b, this horizon 
comes to within IS to 20 cm of the plot surface. Maize plants were stunted in those 
portions of the plot where this occurs. This indicates that the lateritic horizon may 
provide a barrier to root growth. In terms of infiltration, however, water rarely
9 Neither was available at the time of analysis.
10 For more on kaq ulew, see the section on local Soil Taxonomies in Chapter Four.
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a. Plot 3a, showing soil
texture to 100 cm depth.
0% 50% 100%
0-20 cm
20-40 cm
40-60 cm
60-80 cm
80-100 cm
G Sand
■  S ilt
■  Clay
b. Plot 3b, showing soil 
texture to 100 cm depth.
0% 50% 100%
0-20 cm 
20-40 cm 
40-60 cm 
60-80 cm 
80-100 cm
Figure 7.10: Soil separates distribution diagrams for Watershed Three.
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a. Plot 4a, showing soil
texture to 100 cm depth.
0% 50% 100%
■ ■ ■ ■ ■ ■ ■ I
0-20 cm
20-40 cm
40-60 cm
60-80 cm 
80-100 cm
□  Sand
b. Plot 4b, showing soil 
texture to 100 cm depth.
c. Plot 4b, showing texture 
for lateritic B horizon, to 
100 cm depth.
50% 100%
Trench
0-20 cm
20-40 cm
40-60 cm
60-80 cm
80-100
cm
0%
80-100
cm
50% 100%
0-20 cm
20-40 cm
40-60 cm
60-80 cm
Figure 7.11: Soil separates distribution diagrams for Watershed Four.
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remained in Plot 4b's trench, but remained in plot 4a's trench on several occasions. 
This indicates that the soil profile inthose portions of plot 4b that did not contain this 
lateritic horizon may have had higher infiltration rates than did many portions of the 
soil profile in plot 4a. A more detailed analysis is needed before any further 
conclusions can be made, however.
7.5.3.3 Soil Fertility Analyses
Table 7.5 presents the results of fertility analyses performed on samples 
collected from all plots in the four watersheds. It is difficult to compare across all 
four watersheds, since soil types and microclimates vary in this highly complex 
landscape. However, some slight trends are apparent from the data.
Overall, the pH values for sediments in these plots is at the lower end of the 
optimal pH for maize production, which is generally set at values of between 5.5 and 
7.0 (Tisdale 1993; Lafitte 2000). Figure 7.12 indicates that overall pH is higher for 
plots in Watersheds Two and Three, with all plots in the two watersheds exhibiting 
pH values of over 5.5, except for plot 2b (pH 5.3). Plots lb (pH 5.2)and lc (pH 
4.8) have the lowest pH overall. These two values are low enough to cause serious 
stress for developing maize plants.
Samples from the Watershed One plots also have comparatively low organic 
matter contents, although organic matter contents for most plots are below 2%, except 
for plots 2a, 3a, and 3b (Figure 7.1). Overall, estimated cation exchange capacities 
and exchangeable bases (Figures 7.14 and 7.15) appear to follow the same patterns as 
do pH and organic matter levels across watersheds. This suggests that overall soil 
fertility for these soils is strongly affected by organic matter content as would be 
expected for volcanic ash soils that form over acidic ash deposits.
When organic matter, estimated CEC and exchangeable bases are all normalized 
to soil clay content, the same general patterns persist, although there is an indication
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that organic matter contents for plots lb, lc, and 2a are also affected by the low clay 
contents of these soils (Figures 7.13,7.14, and 7.15).
Organic matter content for plot 2a is particularly affected by the soil's apparent 
clay content (Figure 7.14). As mentioned earlier, surface samples from this plot 
exhibited strong colloidal aggregation, also referred to as "mountain granulation", 
which is common in tropical wet-dry climates such as the one found in this region. 
Therefore, it is not clear how much difference there is between apparent texture
Table 7.5: Table showing the results of soil fertility analyses conducted on samples 
taken from the four watersheds in the erosion plot comparison.
Note: Unless O therw ise noted, all n u trien t conten t am ounts are in  mg/kg.
Lead « Baaea E a t
S ite D a te U se T e x ta re pH O M (m eq) C E C P K C a M l  Al Fe M b C n a t
lb 8/2/97 m ilpa lo a n 5.2 1.18 7.8 10 72 330 1135 148 20 127.8 21 2.91 8 3
lc 8/2/97 m ilpa clay loam  4.8 1.69 6.2 9 54 343 838 123 51 156 27 3.51 2.04
2 a 7/13/96 milpa loam 5.5 2.72 10.8 14 45 478 1642 153 10 117.5 17 7.9 10.6
2b 7/13/96 m ilpa clay loam S 3 1.88 11.9 15 56 1030 1569 159 9 130.9 33 7.01 2.07
2c 7/13/96 m ilpa clay loam 5.7 1.68 11.7 16 27 1045 1527 149 10 160.6 30 7.55 5.46
2e 10/8/96 m ilpa clay loam 5.6 1.51 12.3 16 21 642 1741 220 8 113.9 39 8.15 5.44
2 f 10/8/96 m ilpa clay loam 5.7 1.62 12.3 15 21 817 1648 222 16 1333 41 8.12 2.11
3 a 8/1/97 m ilpa clay loam 5.7 2.43 12.6 16 25 825 1495 349 6 191 68 11.21 4.11
3b 8/1/97 forest clay loam 5.8 1.84 10.1 13 21 495 1332 254 9 167.4 46 9.51 2.45
4 a 8/1/97 milpa clay 5 3 1.61 7.9 11 35 638 1063 116 17 95.5 36 5 3 2 2.21
4 b 8/1/97 milpa clay 5.4 1.86 7.7 10 27 488 1058 131 11 71 34 6.31 0.94
2c 7/13/96 milpa clay 5.7 1.68 11.7 15 27 1045 1527 149 10 160.6 30 7.55 5.46
2c
trench
10/22/96 milpa loam 5.6 1.55 119 15 34 951 1719 207 6 158.2 39 8.78 2.89
2b 7/13/96 m ilpa clay loam 5.3 1.88 11.9 16 56 1030 1569 159 9 130.9 33 7.01 2.07
2b
trench
10/22/96 milpa clay 5.6 1.18 11.6 15 27 924 1534 180 6 172.7 38 6.69 3.27
2e 10/8/96 milpa clay loam 5.6 1.51 12.3 16 21 642 1741 220 8 113.9 39 8.15 5.44
2e
trench
10/8/96 milpa clay 5.9 2 11.9 14 23 624 1627 251 6 128.4 66 8.87 3.98
2 f 10/8/96 m ilpa clay loam 5.7 1.62 12.3 15 21 817 1648 222 16 1333 41 8.12 2.11
2 f
trench 10/8/96 milpa clay 6.2 2.08 13.2 15 26 711 1828 266 6
201.1 86 10.83 2.78
2 f 8/19/96 milpa clay loam 5.7 1.84 11.3 15 23 642 1573 205 8 1263 42 7.8 7.44
2 f
trench
8/19/96 milpa clay 5.7 1.62 12 15 22 701 1646 224 11 1493 34 8.11 2.08
4 b 8/1/97 milpa clay 5.4 1.86 7.7 10 27 488 1058 131 11 71 34 6 3 1 0.94
4b
trench 9/27/96 m ilpa clay 5.7 13 5 7.6 10 28 652 927
156 11 105.6 46 6.17 1.76
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Figure 7.12: pH compared across watersheds.
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Figure 7.13: Organic matter content compared across watersheds.
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Figure 7.14: Estimated cation exchange capacity (meq/lOOg) compared across 
watersheds.
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Figure 7.15: Total exchangeable bases (meq/lOOg) compared across watersheds.
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determined in the field and by hydrometer analysis, which is often referred to as 
"natural texture", and the actual texture of the upper soil horizons found in this plot. 
However, as discussed in Section 4.6.1.2, the same properties of the amorphic 
clayminerals (allophane and clays rich in oxides of Fe and Al) associated with 
mountain granulation in volcanic ash soils also result in the high organic matter 
content that shows up in this sample when organic matter is normalized to the 
sample's clay content.
Phosphorus levels vary somewhat within watersheds (Figure 7.16). Surface 
samples from longer-established plots (lb: 72 ppm; lc: 54 ppm; 2a: 45 ppm; 2b: 56 
ppm; 2c: 27 ppm, 4a: 35 ppm; 4b: 28 ppm) contain higher amounts of phosphorus 
than do those from the more recently established plots (2e: 21 ppm; 2f: 21 ppm; 3a:
25 ppm) and the wooded site (3b: 21 ppm). This probably reflects longer periods of 
chemical fertilizer applications. Analyses of samples from wooded plots indicate that 
these soils are naturally low in exchangeable phosphorus, which is often associated
80- r
60l
40!
20-
a n  ,D P„ Ml l^ t  H H  I^ H Ix u  a  X u  u  <— a x  a x
P Normalized to Clay Content
Ha p a  P a  P p i
Figure 7.16: Exchangeable P compared across watersheds.
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with Andisols (Sboji et al. 1993). Since local fanners have been adding phosphate- 
containing fertilizers to their fields for several decades, buildup of P is substantial in 
well-established, while samples from more recently established fields should not 
exhibit much higher levels than samples from non-cultivated areas. This relationship 
is therefore reflected in the charts. Samples from plots lc and 4b have lower levels 
of phosphorus than do plots lb and 4a. Normalizing to clay content indicates that P 
levels in the samples from Watershed Four are not much higher than for the wooded 
site from Watershed Three (Figure 7.16). Likewise, P values in the sample from 
plot 2c are much lower than for plot 2b. It is not clear what this indicates, since these 
two plots are actually part of the same field, and should have been managed nearly 
identically. Based on recommended P levels of at least 30 ppm soil Pfor optimal 
com production (Foth and Ellis 1997), P values are marginal in plots 2e, 2f, 3a, 3b, 
4a, and 4b. Phosphorus values of are more than adequate for plots lb (72 ppm), lc 
(54 ppm), 2a (45 ppm), and 2b (56 ppm).
Potassium values are relatively high for samples taken in all four watersheds 
(Figure 7.17). This may reflect the overall mineralogy of the parent materials. The 
dacites and rhyolites found in this area normally contain felsic materials, in addition to 
quartz and volcanic glasses (Williams 1960; Weyi 1980). Exchangeable K is 
noticeably lower for lb (330 ppm) and lc, (343 ppm) and appears to be related to soil 
texture. However, K values for all plots are well above recommended values (which 
normally range from 100 to 270 ppm) for optimal maize production (Haby et al. 
1990).
Calcium values are probably adequate for all plots (Figure 7.18). Overall, 
values are lowest for the Watersheds One (lb: 1135 ppm; lc: 838 ppm) and Four (4a: 
1058 ppm; 4b: 927 ppm) plots. They are highest for Watershed Two (1527-1741 
ppm), followed by Watershed Three (3a: 1495 ppm; 3b: 1332 ppm).
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Figure 7.17: Exchangeable K compared across watersheds.
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Figure 7.18: Exchangeable Ca compared across watersheds.
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The most recently established plots (2e: 220 ppm; 2f: 222 ppm; 3a: 349 ppm) 
exhibit the highest magnesium values, while the older plots (lb: 148 ppm; lc: 123 
ppm; 4a: 116 ppm; 4b: 131 ppm) exhibit the lowest values (Figure 7.19). The more 
eroded plots in Watersheds One and Four (plots lc and 4b) exhibit the lowest values 
for this nutrient of all plots that were sampled. However, all values shown in the 
chart are probably more than adequate to maintain yields.
Exchangeable Al values are low for all watersheds (below 20 ppm), except 
Watershed One, with values of 20 ppm (lb) and 51 (lc) for the two collected samples 
(Figure 7.20). Given the low pH for plot lc (4.8), Al toxicity may inhibit maize 
growth, as well as affect phosphorus availability (Shoji et al. 1993). Aluminum 
toxicity does not appear to be a problem for any of the other plots, however.
Iron (>70 ppm) and Mn (>15 ppm) levels are high for all plots (3-5 ppm 
considered adequate: Martens and Lindsay 1990; Shoji et al. 1993c), and no trends 
can be detected (Figures 7.21 and 7.22). Manganese toxicides may become 
problematic in some of the lower pH soils. Also, under acid conditions, Fe and Mn 
aie also involved in phosphate retention. However, it is not clear from the literature at 
what levels Mn toxicities do occur (Walton 1988; Brady 1990; Hall and Schwartz 
1993; Tisdale etal. 1993).
Zinc (>.94 ppm) and Cu (>2.9 ppm) are also above critical values (.26-.62 
ppm: Martens and Lindsay 1990) for all samples (Figures 7.23 and 7.24). Samples 
from plots lb  (2.91 ppm Cu and 8.3 ppm Zn) and 2a (7.9 ppm Cu and 10.6 ppm Zn) 
had the highest available levels of these elements. There are no clear trends, either 
within or between watersheds. Zinc values for plots lc and 4b are lower than for 
plots lb and 4a, and may be due to soil mining. Values are also low for the wooded 
plot in Watershed Three. The value of 0.94 for plot 4b may be low enough to be of 
future concern in terms of potential deficiencies (Martens and Lindsay 1990: 249).
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Figure 7.19: Exchangeable Mg compared across watersheds.
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Figure 7.20: Exchangeable Al compared across watersheds.
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Figure 7.21: Exchangeable Fe compared across watersheds.
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Figure 7.22: Exchangeable Mn compared across watersheds.
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Figure 7.23: Exchangeable Cu compared across watersheds.
Zn
15.0
10.
5.
Io .o |L J |n t i l l p f l  1P 1P 1...............................I H H I  H H I I0 !*x  u m x  u u s  « x  •  xm w n m n  m n ^
8 0 .0n 
60. 
40 . C 
20.C
Zn Normalized to Clay Content
1 »°A  P iDi P P i iy -ix u vw  a x  a xX u  a u i-  £  
m  p i n  n n  m n  Tf
Figure 7.24: Exchangeable Zn compared across watersheds.
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7 .6  Long Term Comparison Using Soil 137Cs Contents for 
Estimating Soil Losses
7 .6 .1  Site Description
During July 1997,1 collected samples at nine sites within a small watershed on 
the southern end of Pachitur (Figures 7.1 and 7.25). I only sampled the watershed's 
eastern ridge, since the road on the eastern ridge's flank would affect the overall 
hydraulic regime on that slope. The watershed's small size allowed me to take a 
minimal number of samples, yet still sample locations representing several major 
slope positions within a catena sequence.
7 .6 .2  Sampling Methodology
Budgetary and time considerations limited the total sampled sites to 9:4 wooded 
sites representing level ridgetop (interfluve), shoulder slope (convex slope), 
backslope (mostly uniform), and footslope (concave upper base slope); and 5 
cultivated sites representing level ridgetop, shoulder slope, backslope, footslope, and 
toeslope (lower base slope). I collected 3 cores at each site, with each core location 
forming one node of an equilateral triangle (Figure 7.26). I took 2 cores at each core 
location, spacing them approximately 1/2 m apart, for a total of 6 cores at each site.
I collected the original samples in 1997, using a 5 centimeter diameter split corer 
with a thirty centimeter tube length. Upon removing a core, I opened the tube halves 
and carefully cut the samples into 5,10, or 15 cm intervals.11 I carefully scraped 
loosesediments from the core surface to minimize contamination from overlying soil 
horizons, then placed each sample into marked Ziploc bags for transport back to the
11 Depth intervals depended on the type of site sampled. At wooded sites, I cut the first set of 
samples into 0-10,10-20,20-30.30-40, and 40-50 centimeter depth intervals, and cut the second 
set of cores into 0-5,5-10,10-15, and 15-30 centimeter depth intervals. The exception to this is 
at Site 7. where I cut the second set of cores into 0-5,5-10,10-15,15-20,20-25. and 25-30 cm 
depth intervals. At cultivated sites, I cut the first set of samples into 0-15,15-30,30-40, and 4 0
50 centimeter increments. I cut the second set of cultivated site cores into 0-15,15-20,20-25, 
25-30,3040, and 40-50 cm increments. Due to time constraints, I did not collect a second set of 
cores at Site 8.
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Figure 7.25: Pachitur watershed where the l37Cs study was conducted.
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Figure 7.26: Diagram depicting core locations at each sampling site.
laboratory. Humidity erased labels on several sample bags during subsequent 
shipment and storage over the fall semester of 1997. This necessitated a return visit 
to the watershed during August 1998 to re-sample selected depth intervals at several 
sites. On the second occasion, I sampled the sites using hand-operated posthole 
diggers obtained at a hardware store in Comalapa. Hole diameters for these samples 
averaged 26 cm x 15 cm. Wall caving at lower levels during sampling may have 
resulted in contamination of those samples, which I will address in a later section.
I also contracted local surveyors to assist in developing a contour map of 
the watershed. Together, we mapped the watershed's boundary, upper extent, 
coring locations, school and church buildings, and the boundary between 
wooded and cultivated areas within the watershed (Figure 7.25).
7 .6 .3  Sample Preparation and Laboratory Analysis
Upon returning from the field, I removed samples from their bags and air-dried 
them for 72-96 hours to remove excess moisture for easier handling during splitting.
I set aside several clods from each sample for moisture and density determinations. I
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then split samples from each coring location, and combined samples for each depth 
increment from the three coring locations, except when labeling problems resulted in 
less than three samples being available for analysis (Appendix K).
The Louisiana State University Wetland Biogeochemistry Institute Laboratory 
analyzed the samples for gamma-radiation bands emitted by 137Cs bound to the fine 
earth fraction, using a Canberra Series 35 Plus High-Purity Germanium Coaxial 
Gamma Detector. The first counts were run for 6000 seconds. I had the laboratory 
run several samples with anomalously low counts a second time. The second count 
was run for 7200 seconds. Appendix L presents analysis results, which I have 
also converted to mass12 equivalents. Figure 7.27 presents ,37Cs profiles that 
have been converted to 15 cm intervals for the upper 30 cm, or maximum 
cultivation depth, to allow direct comparisons between wooded and cultivated 
profiles along the slope transect 
7.6.4 Results
7.6.4.1 Forested Sites
137Cesium activity reaches a maximum in the upper 15 cm of the wooded 
profiles (Figure 7.27). Cesium activity drops off rapidly below 15 cm, and falls 
to near or below reliable instrument detection limits below a depth of 30 cm.
A closer examination o f137Cs distributions along the catena (Figures 7.28 
and 7.29) indicates that, for Sites 1,5 and 7, most of the I37Cs is held in the upper 
10 cm, and decreases rapidly to near or below reliable instrument detection limits 
(Figures 7.27,7.28, and 7.29). This corresponds well with observations made by 
other researchers (Brown et al., 1981a; de Jong et al. 1982; Kachanoski and de Jong 
1984; Lowrance et al. 1990; Garcia-Oliva et al. 1995). It also indicates that the 
isotope binds readily to colloidal particles in the upper profile, which is also reported
12 Picocuries per gram (pCi/g) and millibecquerels per gram (mBq/g).
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by Brown et a). (1981a), Low ranee et al. (1990), and Soileau et al. (1990). The 
137Cs signature for Site 3 is slightly more complex. This profile (Figure 7.29) 
exhibits two peaks: one in the top S cm, and another at 10-13 cm. These two peaks 
are separated by a lower peak at 5-10 cm. This can possibly be explained by Site 3's 
location on the shoulder, which may serve as temporary storage for sediments 
moving from uphill. A sharp drop at 20-30 cm indicates that the profile has 
experienced net loss overall (Figure 7.28).
Low intensity peaks at 40-50 cm for Sites 1, 3, and 7 could indicate one of 
several phenomena: 1) normal variations in counts due to instrument error (Brown, et 
al. 1981a; Lowrance, et al. 1987; Soileau, et al. 1990), 2) downward leaching of 
137Cs through voids between soil peds, or 3) a combination of leaching and saturated 
throughflow along the slope catena at depth (Geirard 1981). The secondary peak at 
depth (50-60 cm) in the 1998 sample for Site 5 (Figure 7.27) may represent 
downward sediment movement. However, sediment from the walls often collapsed 
into the hole at depths below 50 cm during sampling with the posthole digger. Since 
no l37Cs was recorded at 40-50 cm, nor at 60-70 cm, wall collapse is the most likely 
explanation for this peak. Although further sampling could clear up the uncertainty, 
further fieldwork is beyond the scope of the present study.
The profiles sampled at 10 cm intervals (Figure 7.28) exhibit similar trends. 
Peak activity occurs in the upper ten centimeters of the cores. 137Cesium levels drop 
off dramatically below ten centimeters. The exception is Site 7, which still displays 
high 137Cs activity from 10-30 cm (Figure 7.28). Since this site was sampled at a 
break in slope, it might be a temporary sediment storage location. Due to the labeling 
problem mentioned earlier, however, only one core was analyzed at 10 cm intervals 
for this location (Appendix K). This could explain apparent discrepencies between 
this and the other 137Cs distribution profiles for Site 7 (Figures 7.28 and 7.30).
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Figure 7.27:137Cs diagrams showing distribution to depth along a catena sequence 
from ridgetop to toeslope position.
316
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Site 7 Site 8
mBq/g mBq/g
3 4210
0--1 5 cm
15-30 cm
30-40 cm
40-50  cm
52 3 40
0-15 cm
15-30 cm
40-50 cm
Site 9
1
0 --1 5 cm  
15-30 cm  
30-40 cm 
40-50  cm  
50-60 cm  
60-70 cm 
70-80  cm 
80-90 cm
■ ‘ • | *
mBq/g
■ | ■ ■ ■ | ■ * ■ | * 1 * |
: F
Figure 7.27, continued.
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Figure 7.28: 137Cs distribution for wooded sites (10 cm intervals).
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Figure 7.29: ,37Cs distribution (mBq/g) for wooded sites (5 cm intervals).
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7.6.42 QritiTCattd.SittS
137Cesium distributions for cultivated sites exhibit lower peaks in the upper IS 
cm (upper cultivation layer), with the exception of Site 2 (Figure 7.27). 137Cesium 
counts do not drop off as rapidly for the cultivated sites as they do for the wooded 
sites, however. This may be explained by the observation that farmers generally hoe 
to a depth of at least 20-25 cm. This tends to thoroughly mix upper soil layers, which 
results in a more homogeneous 137Cs distribution to the base of cultivation (Brown et 
al. 198 la). A possible explanation for the high overall137Cs signature at Site 2, 
which is even higher than Site l's signature, is that Site 2 is near the plot's mojdn. 
Two of the cores collected at this site may have been at a site of net sediment 
accumulation caused by tillage operations moving sediments towards the field border, 
or mojdn. Relatively high 137Cs counts at 3040 cm in Sites 2 and 4 might also result 
from tillage operations (Brown et al. 1981a; Zhang et al. 1999).
The Site 6 (backslope) profile appears to be truncated when compared to the 
summit and shoulder positions (Figure 7.27). A smaller peak appears at 4050 cm. 
This peak is at or below the lower reliable detection limits of the analyzer at 6000 
seconds (Brown et al. 1981a; Kachanoski and de Jong 1984). Thus, it is probably 
associated with normal counting error, although it might also have resulted from 
contamination that was caused by wall caving, since this depth interval was re­
sampled in 1998 with the posthole digger. No 137Cs was detected in the 1997 sample 
that was collected at this depth.
Site 8's profile also appears truncated when compared to the other137Cs 
distribution charts (Figure 7.27). 137Cesium signatures are at or below lower reliable 
instrument detection limits above a depth of 30 cm, although there is a small peak at 
30-40 cm. One possible explanation is that this sample was taken from a major break 
in slope, above the plot's mojdn, which may mean this site has actually
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accumulated over fifty centimeters of sedim entT herefore, the original soil surface 
may be below the lowest sampled interval. Given available information, this is the 
most likely explanation.
Site 9's profile (Figure 7.27) presents a more complex picture. The main 
peak occurs at 15-30 cm. The second curve shows the actual peak occurring at 20- 
25 cm (Figure 7.30). Since this is the toeslope position, there should be net 
deposition at this site. A comparison of total137Cs signature against the reference 
profiles indicates that a net sediment loss has actually occurred. The slope at this 
position is still nearly 13%, thus this site may actually experience sediment loss
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Figure 7.30: 137Cs distributions for 15-30 cm intervals at cultivated sites. Site 8 was 
not sampled.
13 Like the contour grass suips discussed in an earlier section, local mojdn boundaries serve as 
barriers behind which sediment accumulates. See Figure 4.6.
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during some rainfall events, while gaining sediments during others. Similar 
processes are reported by Brown et al. (1981a, b) for the Wisconsin watershed where 
they conducted their study using 137Cs to monitor soil movement across the 
watershed. Overbank flooding of the small stream at the watershed's thalweg may 
also remove sediments from this location during heavy rainstorms. Based on this 
assumption, a possible scenario might be that the site experienced erosion soon after 
the 1963-1964 fallout peak. Since that time, a total of twenty centimeters sediment 
may have been deposited at this location. Smaller peaks below SO cm probably 
represent the 19S4 peak. The absence of activity recorded at 50-60 cm may represent 
an influx of subsoil sediments washed into the basin during construction of the 
calvario (church), or one of several housesites.
7.6.4.3 Soil Texture
Soil texture diagrams for the Pachitur watershed appear in Figures 7.31 
through 7.34. Local soils are predominantly fine-textured in the upland positions. 
Textures above 15 cm vary from clays to clay loams. The soil fines downward 
to 30 cm, then coarsens slightly. At 30-40 cm textures for Sites 3 and 4 are 
generally coarser than than they are at that depth in the other upland positions.
Closer examination of the coarse fraction using a stereoscopic microscope 
indicated colloidal aggregation in the samples collected at these sites. Site 5 
(Figure 7.31) was the only upland site sampled below 50 cm. The textural 
distribution chart for samples collected at this site indicates a general fining 
downwards to 30 cm. A slight coarsening of texture occurs at 50 cm to 70 cm.
Texture at the toeslope position (Site 9) is coarser overall than texture at any of 
the slope positions. Although 1 did not sample most sites below fifty centimeters, I 
did find an increasing abundance of pumice and tuff fragments in the lower portions 
of the cores at the summit and shoulder positions. This indicates that depth to the
321
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Site 1 Site 2
0% 25% 50% 75% 100%
■> i .1 I » » » ■ I “  i i | i i i n
0-15 cm
15-30 cm
30-40 cm
40-50 cm
0% 25% 50% 75% 100%
. .  . I . ■ . .  I . . i . I . .  . .  I
Clay Silt Sand
0-15 cm
15-30 cm
30-40 cm
40-50cm
Clay Silt Sane
Site 3 Site 4
25% 50% 75% 100%
0-15 cm
. . . . . . . . . . . . . . . . . . . .
15-30 cm
30-40 cm
40-50 cm
Clay Silt Sand
0% 25% 50% 75% 100%
. . . .  I . . . .  I . . . .  I . . . .  I
0-15 cm
15-30 cm
30-40 cm
40-50 cm
Clay Silt Sand
Figure 7.31: Soil separates distribution for 137Cs collection sites, showing 15 cm 
sampling intervals for upper 30 cm of soil profiles.
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Figure 7.31, continued.
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Figure 7.31, continued.
parent material may be relatively shallow at these slope positions. This observation 
corresponds with earlier observations that had I made during the description of soil 
profiles for the folk soil taxonomies (Appendix D). Meanwhile, sampling to depth 
indicates that soils at toeslopes and in the valleys are much deeper than those found at 
ridgetop and backslope positions. Depths at the toeslope and footslope positions can 
sometimes reach depths of several meters (see also Section 2.4.2). However, the 
valley profiles are usually also multisequum, having periodically received fresh 
volcanic materials during volcanic events. Therefore, their textures often also reflect 
that of the underlying parent material. This influx of fresh ash materials from 
volcanic events is usually also combined combined with the periodic influx of 
colluvial and alluvial materials from upslope due to landslip or erosion.
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Figure 7.32: Soil separates distribution for wooded sites in the 137Cs study basin, 
showing 10 cm intervals.
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Figure 7.33: Textural profiles for cultivated sites in the l37Cs study basin, showing 
average texture for both upper and lower cultivation layers.
7.6.4.5 Erosion Estimates
I used two different methods for estimating soil losses, based on the different 
profile 137Cs distributions exhibited by wooded sites versus cultivated sites. Many 
earlier equations assumed uniform mixing of l37Cs throughout the plow layer at all 
sites, and were based on differences in overall 137Cs content between reference
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profifes and eroded profiles. Consequently, earlier equations assumed that overall 
137Cs losses closely reflect actual soil losses. Comparisons of 137Cs losses in 
cultivated plots with experimental plot data seemed to corroborate such assumptions 
(Kachanoski and De Jong 1984; Garcia-Oliva et al. 1995).
137Cesium profiles at wooded sites are quite different from those at cultivated 
sites, however. Most of the 137Cs in undisturbed profiles (forested, grassland, 
pasture) is contained in the upper 5-10 cm of the soil profile. After that, so il137Cs 
contents tend to fall dramatically with increasing depth (Lowrance et al. 1988; Garcia- 
Oliva et al. 1995).
Recent studies have also pointed to the effects that tillage and other factors have 
on 137Cs distributions in cultivated profiles. Several authors have developed models 
and equations that are designed to account for these factors. Most of these equations, 
however, require a knowledge o f 137Cs inputs for a given location over the past 40 
years. They also require the presence of a cultivated profile that is clearly depositional 
(i.e., total 137Cs counts are higher than for non-eroded sites), in order to derive soil 
loss estimates (Zhang et al. 1999). Neither of the cultivated sites I sampled with 
expectations that they would be depositional, i.e. Sites 8 and 9, had higher counts 
than did the ridgetop sites. Furthermore, total summed 137Cs counts for these two 
sites were lower than for any other sampled slope position. Therefore, I did not 
attempt to calculate expected tillage losses based on 137Cs counts from either of these 
profiles. To this date, I have been unable to obtain 137Cs input data for this region, 
and they may not exist.
Given these limitations of the available data, I selected two equations that 
conform best to what is known about the local dataset. Both equations are based on 
the mass balance method of estimating soil losses from 137Cs losses. As with 
directly proportionate methods, most mass balance equations compare l37Cs contents
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for eroded profiles with contents from reference profiles, e.g., profiles that have 
experienced neither gains nor losses of sediments since detectable amounts o f 137Cs 
started appearing on a world-wide scale.
Garcia-Oliva et al. (1995) derived the first equation to estimate 137Cs losses 
from uncultivated sites in the state of Jalisco, Mexico. They based their equation on 
the modified proportional method described by De Jong et al. (1984). Garcia-Oliva et 
al. (1995) have further modified the equation to account for the exponential decreases 
in 137Cs that occur in uncultivated profiles. The authors claim that this avoids 
overestimates caused by applying equations that were derived for cultivated soils to 
uncultivated soil profiles. They did this by applying a correction factor. Their 
derived equation is:
NE = l37Csj *[(SCi *.4)-KSC2*.29)+(SC3*. 19)+(SC4*. 12)],
where: 1) NE = Net erosion
2) 137Csi = 137Cs loss,
3) SC* = soil content (Mg/m2) of each sampled 
layer (2 cm thick in the Garcia-Oliva et al. study), 
and
4) the factors (0.4,0.29,0.19, etc.) correspond to 
percentage of mean 137Cs in each sampled layer.
,37Csi was calculated as 137Csi = ( ,37Csc- ,37Cse)/137Csc 
where:
1) 137Csc is the mean 137Cs total areal activity 
(Bq/m2) of the control profile, and
2) ,37Cse is the 137Cs total areal activity (Bq/m2) 
of each sampling point
SC is calculated for each layer as:
SC = BD*d
where: 1) BD = bulk density (Mg/m2) of the layer being
considered, and
2) d is the thickness of the layer being considered.
Garcia-Oliva et al.'s (1995) calculations considered four depths to a total depth 
of eight centimeters, because it represented the actual maximum depth of detectable
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l37Cs activity on their forest controls. I adjusted the equation to fit the sampling 
intervals and maximum depth of detectable activity found in local profiles. Appendix 
M. 1 contains results of calculations derived using this equation for the wooded sites 
in Pachitur. Compare these with soil erosion estimates derived from mean forest 
profile 137Cs levels using an earlier mass balance equation (Appendix M.2) developed 
by Lowrance et al. (1990). The earlier equation did not compensate for diminishing 
137Cs signature with depth for forested profiles. Estimates based on the earlier 
equation are much higher than those derived using Garcfa-Oliva's (199S) equation. 
They are also higher than soil loss rates indicated by sediment levels collected during 
the erosion plot comparison. The estimates derived using the second equation, 
however, compare well with Garcia et al.'s (1995) own estimates for forested profiles 
within a similar watershed in Jalisco, Mexico.
The second equation that I used to derive soil loss estimates for the Pachitur 
watershed is known as the "simplified mass balance equation". This equation was 
developed by Zhang et al. (1990; 1999). These authors developed a refined 
simplified mass balance model that would account for tillage erosion and fo r137Cs 
concentration that might be lost along with mobilized particles at the time of 
deposition (Zhang et al. 1999). The latter equation, however, accounted for tillage 
erosion by measuring the amount of 137Cs signature that could be found below the 
calculated maximum tillage depth at depositional sites. Since the "depositional" sites 
in the Pachitur watershed did not exhibit detectable levels o f137Cs immediately below 
the tillage layer, I cannot use those calculations that factor in mixing of 137Cs within 
plow layer sediments at the time of deposition (Zhang et al. 1999). Therefore, I 
chose to use the earlier equation, which lacks refinements that were incorporated into 
their more recent version of that equation (Zhang et al. 1999). The earlier "simplified 
mass balance equation" is derived in the following manner
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X = Yr(1-AH/H (Zhang et al. 1990)
where: 1) X
2) Yr
6) 1963
3) H
4) \ H
5) N
measured 137Cesium amount in profile; 
base level input measured in a reference 
core,
depth of plow layer, 
depth of annual soil loss 
year of sampling
approximate year of peak atmospheric 137Cs 
input
This equation is based on several assumptions made by Zhang et al. (1990: 
249), i.e. that:
a) the cultivated soil containing cesium* 137 lost through erosion is 
replaced by cesium-free subsoil incorporated by the annual 
ploughing;
b) the erosion rate is similar each year; and
c) the influence of harvesting and fertilizing on the cesium-137 
content of soil is negligible,
and finally, that:
d) most of the 137Cs input was received in the period immediately 
before and after the 1963 peak in atmospheric testing of 
thermonuclear devices.
Appendix M.3 presents soil loss estimates derived using the "simplified mass 
balance equation" for the Pachitur samples. Compare these with soil loss estimates 
derived using the equation developed by Lowrance et al. (1990). Again, soil losses 
derived from the Zhang et al. equation are lower, and seem more reasonable, given 
observations from other watersheds under similar conditions.
These figures are based on a minimal number of sampling locations (6 cores 
each for forested and cultivated sites). Furthermore, due to budgetary constraints, 
these samples were then combined to create a total of nine sample sets for analysis. 
Some samples were analyzed more than once, which explains the high, mean, and 
low counts that appear in Appendix L. Given the variability in counts that can occur 
over any given landscape, several authors (Cao et al. 1993; Vandenbygaart et al. 
1999) recommend sampling in grid patterns, with a minimum of 11 samples collected
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for each sampling location, to obtain a statistically valid comparison. Such a 
sampling framework was not possible for the Pachitur study.
Therefore, I have included the widest possible range of potential soil losses that 
could be derived from counts returned by Louisiana State University's Wetlands 
Biogeochemistiy Lab in Table 7.6. These ranges, from less than 1 t/ha/yr to 46 
t/ha/yr for the shoulder slope position, and from 8.S t/ha/yr to 65 t/ha/yr for the 
sideslope position, are very wide. Mean soil loss estimates for Site 4 (21.5 t/ha/yr) 
and Site 6 (33.6 t/ha/yr) compare well with estimates derived for the Watershed One 
plots (19.5 t/ha and 35.7 t/ha). However, the latter may not be representative rates, 
due to the crude measurements from which they are derived.
Table 7.6: Erosion estimates derived from 137Cs counts.
S o il
B a lk  L o ss
S ite X Yr AH/H AH H N N -1 9 6 3 D e n s ity  ( t /h a /y r )
4 1427 1490 0.0002 0.006 30 1997.00 34 1.19 0.7
6 1328 1490 0.0023 0.0699 30 1997.00 34 1.22 8.5
8 680 1490 0.0206 0.6174 30 1997.00 34 1.16 71.6
9 1210 1490 0.0051 0.153 30 1997.00 34 1.20 18.4
M EA N
4 1253 1560 0.0060 0.1809 30 1997.00 34 1.19 21.5
6 1138 1560 0.0092 0.2754 30 1997.00 34 1.22 33.6
8 642 1560 0.0246 0.7365 30 1997.00 34 1.16 85.4
9 1032 1560 0.0138 0.414 30 1997.00 34 1.20 49.7
HIGH
4 1115 1730 0.0130 0.3891 30 1997.00 34 1.19 46.3
6 938 1730 0.0178 0.5334 30 1997.00 34 1.22 65.1
8 604 1730 0.0326 0.9771 30 1997.00 34 1.16 113.3
9 790 1730 0.0243 0.7284 30 1997.00 34 1.20 87.4
7 .6 .S  Results of Similar Studies
Table 7.7 presents a list of studies conducted under conditions similar to those 
in the Pachitur watershed. Three of these studies (Ives 1951; L6pez Hernandez
331
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1990; Dehn 1995) produced much lower rates on similar terrain, and under similar 
climatic conditions. The erosion plots used for these studies, however, were much 
smaller than those used for the Comalapa study. This may be significant when one 
considers that contour ridges are very effective when they are constructed to conform
Table 7.7: A list of soil erosion rates collected from studies that were conducted in 
environments similar to that of Comalapa and Zaragoza.
Source
Arlcdge
(1980b)
Location
Guatemalan
Highlands
Lopez 
Hlrnande 
z (1990)
Sacatepdquez
G u a te m a la
Dehn Highland 
(1995) Ecuador
Hurni Northern 
(1982) Thailand
Ives
(1951)
Lewis Rwamiko, 
(1988) Rwanda 
Gitesi, 
Rwanda
Soil
Texture
Sandy clay 
loam
Sandy clay 
loam
Loose sandy 
loam
Method System Crop
LISLE None Maize
Silty Sand 
(Dun pan) 
Silty Sand 
(Duripan)
Turn alba, 
Costa Rica G ay loam
USLE
Erosion
plots
(1 yr.)
Silty Sand ErosionPlots
Erosion
Plots
Erosion
Plots
None Maize
Beans
Beans
Beans
Traditional 
system
Live
Bamers+ 
ditch 
Contour 
ridges/ditch 
Live Barriers Beans 
Infiltration 
ditches 
Bare Fallow 
Contour 
ridges 
Bench 
Terraces 
Contour 
Ridges 
Infiltration 
ditches 
Bare Fallow 
Contour 
bunds 
Bench 
Terraces
Root
exposure
Rill
Measures
Same
Erosion
Plots
Gcrlach
troughs
swidden maizeopium
swidden hill rice 
Bare fallow None 
Various
P
1000 to 
2000 
1000 to 
2000
S
12%
1000 to 
2000
Cocoyam 1300 33%
Maize
Maize
1000 22% 
1100 40%
Plot Soil 
In. Loss 
(m) (t/hu)
46 16.3
60% 46 204
32% 7 3.09
32% 7 1.3
32% 7 1.6
32% 7 1.1
56% 7 0.4
25 21
25 6
25 0.3
22% 22 1.5
22 0.3
22 8
22 0.2
22 0.1
50% 20 120
50% 20 70
45% 20 19
45% 20 8
45% 20 12
17
14
7
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Table 7.7, continued.
S ource  Location
Maass et al. Jalisco, 
(1988) Mexico
Soli T ex tu re  M ethod
„ . . Erosionloam plots
G arcia- 
CNiva et al. 
(1995)
Tones
(1987)
Zhang 
Xinbao et 
al. (1990)
Jalisco,
M exico
Sandy clay 
loams Cs-137
System
Forest
None
Litter mulch 
Pasture
Pasture
Grass strips 
(3m)
Grass strips 
(10m)
Natural
Vegetation
Cs-137 Grass Cover
Crop
Forest
M aize
M aize
G uinea
grass
Buffel
grass
M aize
M aize
Forest
Pasture
Tamaulipas.
M exico
Chinese Loess 
Plateau Locssal Silts Cs-137 Contour ridges V arious
Contour ridges 
Contour ridges
Erosion
plots
Forsyth
(1994)
Northern
Thailand Cs-137 Swidden
Cs-137 Swidden
V arious
Soya
Soya
P
748
748
748
748
748
748
748
748
748
506
506
1000 to  
2000
1000 to  
2000
S
50%
L
60
10
10
10
52%
52%
39 to 42%
2 2%
44%
67%
22%
44%
67%
s!0 %
24 0 %
Soli Lam 
(t/ha)
T race
69
6
32
10 62
10 48
10 53
13
13
30 to 152
33
60
45
20
62
58
28
64
Kiss et al. 
(1986) Saskatchew an G ay  to loam Cs-137 Cultivated Unavail. 525 3 to 10% 
10 to 24%
27
48
to natural contours on a hillslope. If they are not, however, concentration of flow 
occurs. This can break the ridges, resulting in severe rilling, and perhaps even 
gullying. As a result, soil losses can exceed those that would occur, had no 
conservation system been used at all (Lai 1990). The width of the contour ridge 
would have an important effect on the amount of water available for ponding at low 
points in the furrows between ridges. Local farm plots range from twenty meters to 
forty meters or more in width. Compare this with plot widths of between two and
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seven meters few the other three studies (Ives 1951; L6pez Hernandez 1990; Dehn 
1995). Observations made in the Pachitur watershed during April 19% indicated that 
rilling, due to runoff concentration, has occurred in farmers fields within the 
watershed (Figure 7.34).
A second factor may be that the soil textures for the Ives (1951), Ltipez 
Hernandez (1990) and Dehn (1995) studies were also much coarser than for the 
Pachitur profiles. Ives (1951) commented on the high infiltration rates of local soils 
at Turrialba, Costa Rica. The soils in his study were Oxisols that exhibited strong 
aggregation, due to aluminum and iron oxides in the clay fraction. He concluded that 
local soils therefore had low erodibility, and that mechanical means of erosion control 
were not advisable until the efficacy of cultural methods was studied more extensively 
(Ives 1951). The soils in Lopez Hernandez' plots were classified by the author as 
Entic Eutrandepts formed on recent pyroclastic materials that had been eroded, and 
redeposited, by local alluvial fans. These soils have a soft consistency when dry, and 
a loose consistency when moist. This conforms with the soils from plots 2a, 3a, and 
3b from the erosion plot comparison. This contrasts with the predominantly clay to 
clay loam textures of the upland profiles in the Pachitur watershed. Based on this 
information, it seems reasonable to infer that the lower estimates for the Pachitur 
watershed are too low.
Three of the studies presented in Table 7.6 (Arledge 1980b; Hurni 1982; Torres 
1987) derived estimates coinciding with the upper range of estimates derived for the 
Pachitur watershed. One (Arledge 1980b) was derived using the Universal Soil Loss 
Equation. The author based his calculations on a plot with no conservation practice, 
meaning the furrows run parallel to slope. He also derived his estimates for an area 
for which the original USLE was not designed (Wischmeier and Smith 1978). While
16.3 t/ha/yr for a 12% slope seems reasonable, 204 tons per hectare for a 60% slope
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Figure 7.34: Surco breaches in the Pachitur watershed where the 137Cs study was 
conducted.
seems high, since few Highland fanners construct furrows parallel to slope. Arledge 
derived figures as high as 3,572 t/ha/yr for the same slope length and gradient, by 
increasing the erosivity factor, R, which further undermines confidence in his 
calculations.
The erosion figures that were supplied by Hurni (1982) and Torres (1987) are 
more reasonable, and were derived on slope gradients similar to the steeper segment 
of the Pachitur slope. Neither study provided soil type nor soil texture, but both 
regions have bimodal rainfall regimes that are similar to that of Highland Guatemala, 
although Tamaulipas receives less total rainfall than does either Comalapa or 
Zaragoza. This indicates that the higher estimates that I derived for the Pachitur basin 
may be too high for local conditions.
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The third set of studies (Forsyth 1994; Garcia-Oliva et al. 1995; Lewis 1988; 
Maass et al. 1988; Zhang Xinbao et al. 1990) all derived ranges of erosion rates that 
correspond well with erosion rate ranges derived for the Pachitur study. These 
authors derived erosion rates ranging from 17 t/ha/yr to 69 t/ha/yr for cultivated sites 
on slopes with gradients ranging from 33-50%, and estimates ranging from 13.7 
t/ha/yr to 20 t/ha/yr for 22% slopes. Moreover, the Garcia Oliva et al. (1995) study 
derived erosion rates for forest (13.2 t/ha/yr on 50% slopes) that correspond well 
with the mean estimates that I calculated for wooded sites in the Pachitur watershed 
(13.5 t/ha/yr on a 45% slope).
Based on these comparisons, I submit that the mean estimates derived for 
wooded sites are reasonable, given local conditions. Likewise, the mean soil loss 
estimates for Site 4 (21.5 t/ha/yr) and Site 6 (33.6 t/ha/yr) are reasonable estimates for 
contour ridge systems on these slopes, based on comparisons with similar systems 
under similar conditions.
7 .6 .6  Results of Fertility Analyses
Table 7.7 presents the results of fertility analyses conducted on samples from 
the Pachitur watershed where 1 conducted the 137Cs study. As the table shows, 
adjacent wooded and cultivated sites have differences in several fertility indicators. 
Since all of these sites' profiles have similar characteristics, apart from the toeslope, 
comparisons are easier to make than was the case for the erosion comparison.
7.6.2.1 General Fertility Indicators
Overall, cultivated sites have lower pH than do non-cultivated sites (Figure 
7.35). Differences are most prominent at the summit and shoulder positions. Sites 2 
(pH 5) and 4  (pH 4.9) have the lowest pH among all sites. All cultivated sites, 
however, tested for pH values below the optimal pH recommended for maize 
cultivation (Tisdale et al. 1993; Lafitte 2000).
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Table 7.7: Results of fertility analysis ran on surface samples collected during 
137-Cesium study.
Slope Lead % Esl
Site PMWoa Lie Slope pH om Beee CEC P
1 Ridge W ood 3% 6.2 3.4 16.5 20 27
2 Ridge Milpa 3% 5 2.6 9.7 13 56
3  Shoulder W ood 22% 6 3.5 15.6 19 30
4 Shoulder Milpa 21% 4.9 1.9 8.1 12 73
5 ®ack  W ood 45% 5.9 3.0 12.2 15 37slope
6 d o p e  43% 5 J  2 0  9 3  13 39
7 ^ 00* W ood 24% 5.8 3 J  14.6 18 40
slope
8 Milpa 22% 5.6 1.5 8.5 11 71
*  M ilpa 9% 5.4 1.7 6.3 9  139
N a K C a M r Al A s C d C u F e M b Ni Pb Zn
24 834 2024 511 15 21 0.72 9.0 160 61 1.63 6.0 4.3
24 385 1464 162 29 20 0.14 6.4 144 38 0.41 4.7 3.0
31 874 1872 475 4 20 0.18 6.8 134 94 1.02 5.6 4.8
25 556 1076 140 52 17 0.14 5.2 183 30 0.82 4.6 2.2
26 473 1653 314 12 17 0.13 6.2 164 78 0.67 4.8 6.2
21 618 1240 172 15 16 0.13 6.3 158 23 0.73 4.0 2.0
23 898 1753 420 13 18 0.13 7.3 129 62 0.77 4.8 6.9
28 404 1224 144 15 12 0.11 7.2 141 23 0.59 3.3 2.9
21 184 989 94 27 12 0.12 6.0 100 16 0.46 3.0 3.5
pH
6.5 
6
5.5 
5
4.5  
4
7 81 2 3 4 96
Figure 7.35: pH compared along the catena.
Cultivated sites' organic matter contents are also lower at all slope positions 
(Figure 7.36). Sites 8(1.5% o.m.) and 9(1.7% o.m.) have the lowest overall 
organic matter contents., while Sites 1 (3.4% o.m.) and 3 (3.5% o.m.) have the 
highest. There is a slight dip in organic matter content for the sideslope position, 
compared to overall levels for the ridgetop, shoulder slope, and footslope positions, 
respectively. Estimated cation exchange capacity and exchangeable bases (Figures 
7.37 and 7.38) reflect organic matter contents, which indicates that both ate tied to 
organic matter contents. Given that these are volcanic ash soils that have formed over 
rhyolites and dacites, one might expect this to be the case. These parent materials are
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Figure 7.36: Organic matter compared along the catena.
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Figure 7.37: Estimated CEC (meq/lOOg) compared along the catena.
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Bases (meq)
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Figure 7.38: Exchangeable bases (meq/100 g) compared along the catena.
naturally low in most base nutrients. The high fertility associated with volcanic ash 
soils derives from a high organic matter content that results from its bonding with 
amorphous clay materials, which also have abundant exchange sites. These soils are 
no exception. The estimated cation exchange capacities range from low to moderate, 
and correspond closely with soil organic matter contents. When these values are 
normalized to soil clay contents, these relationships remain relatively constant.
1.62.2  MacrcnuttKHts
With the exception of the sideslope position (Site 5: 37 ppm; Site 6: 39 ppm), 
levels of exchangeable phosphorus are substantially higher for cultivated sites than for 
non-cultivated sites (Figure 7.39). Low to moderate overall levels (s40 ppm) for 
forested sites indicate that these soils are naturally low in exchangeable phosphorus. 
Farmers, however, have been adding chemical fertilizers which contain at least 15% 
phosphorus, to local soils over the past 25 to 35 years. The overall higher
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Figure 7.39: Exchangeable P (ppm) compared along the catena.
phosphorus levels for the cultivated sites (39-139 ppm) can be attributed to this 
practice. Among forested sites, the sideslope (Site S: 37 ppm) and footslope (Site 7: 
40 ppm) positions contain slightly higher levels of phosphorus than do the ridgetop 
and shoulder slope sites. Differences in phosphorus levels are greater for the 
cultivated sites. The ridgetop (Site 2: 56 ppm), shoulder slope (Site 4: 73 ppm), 
footslope (Site 8:71 ppm), and toeslope (Site 9: 139 ppm) positions all contain higher 
amounts of phosphorus than does the sideslope position (Site 6:39 ppm).
Phosphorus levels are greatest for the toeslope position (Site 9). This indicates that P 
is accumulating at this position, along with sediments. Normalizing P levels to soil 
clay contents does not significantly change these general relationships.
Trends in potassium levels counter trends in phosphorus levels (Figure 7.40). 
Aside from the sideslope position, samples taken from woodland sites contain
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Figure 7.40: Exchangeable K (ppm) compared along the catena.
substantially higher levels of potassium (>800 ppm) than do their cultivated 
counterparts (184-620 ppm). Aside from Site 9, all sites contain adequate, to high, 
amounts of available potassium (Haby et al. 1990). Only the sample collected at Site 
9 indicates a potential for potassium depletion in the foreseeable future. Shoji et al.
(1993) maintain that volcanic glasses contain higher amounts of K2 O than do most 
volcanic magmas. The high glass content of local parent materials probably explains 
the high natural potassium contents of these soils. Apparently, local fanners 
recognize this, having learned through experience, since they do not apply potassium- 
containing fertilizers to the tierras negras, many of which exhibit Andie properties.14 
As with P, normalizing to soil clay contents has little effect on the relative K values 
for the different sampling locations along the catena.
14 See the section in Chapter 4 containing farmer's comments on hot versus cold soils and fertilizers, 
and the relationships between them.
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Calcium and magnesium levels also reflect local practices regarding chemical 
fertilizer use (Figures 7.41 and 7.42). According to their own accounts, most local 
farmers rarely use any type of fertilizer other than the standard N, P, K fertilizers (16- 
20-0; 20-20-0; and 15-15-15). Local soils are apparently naturally low in calcium, 
and high in magnesium. Samples from cultivated sites contain lower levels of both 
nutrients than do their forested counterparts. Among forested sites, there is an overall 
downward trend in levels of both nutrients downslope, with a slight increase from the 
sideslope to footslope positions. Among cultivated sites, calcium levels likewise tend 
to decrease downslope, with a slight increase at the sideslope and footslope positions. 
Normalizing Ca values to clay content indicates that there is a slight accumulation of 
this cation at the toeslope position, relative to the other catena positions.
Differences in magnesium values are not as marked as for calcium values. 
Cultivated samples from the ridgetop (Site 2: 162 ppm) and footslope (Site 7; 420
Ca
3000
2000
1000
, 0 a  , - i m
1 2 3 4 5 6 7 8
Ca Norm
6 00 0 ;  
4 000  j
2000: 
0 : a t—t
1 2  3 4  5 6  7 8  9
Figure 7.41; Exchangeable Ca (ppm) compared along the catena.
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Figure 7.42: Exchangeable Mg compared across the watershed.
ppm) positions contain the highest magnesium levels. The toeslope position (Site 9: 
94 ppm) exhibits the lowest overall levels for both nutrients. Normalizing for clay 
content does not change these relationships, other than to indicate that the lower 
values for the cultivated sites at the footslope and toeslope positions are related to 
differences in texture.
7.6.2.3 Aluminum. Iron, and Manganese
Available aluminum levels are low to moderate (<30 ppm) for all sites, apart 
from the cultivated shoulder slope at Site 4  (52 ppm; Figure 7.43). Since the sample 
for this site also has low pH (4.9), aluminum levels are potentially toxic (Shoji et al. 
1993). Trends in the values indicate that the cultivated sites at the ridgetop (Site 2: 29 
ppm), shoulder (Site 4: 52 ppm), and toeslope positions (Site 9:27 ppm) contain 
more exchangeable Al than do cultivated sites at the other positions. Overall, values 
are lowest for the wooded site (Site 1:15 ppm) at the shoulder slope position. Sites 2 
and 9 have slightly higher levels than do samples from cultivated sites at other slope
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Figure 7.43: Exchangeable Al (ppm) compared along the catena.
positions. Normalizing for clay content (Figure 7.43) indicates that the clays at Site 9 
have higher amounts of exchangeable Al than do those at the other slope positions.
Compared to published critical levels for the nutrient, overall exchangeable 
levels of iron are well above critical levels (4.8 ppm for most soils) for the soils in the 
Pachitur watershed (Marten and Lindsay 1990: Figure 7.44). As with aluminum, 
levels of iron are also highest for Site 4  (183 ppm), while overall trends indicate iron 
levels drop slightly downslope. Otherwise, differences in iron levels between 
cultivated and non-cultivatedsites are slight Normalizing to clay content indicates that 
this micronutrient is accumulating at Site 9.
Manganese levels (16-94 ppm) are high (3-5 ppm considered adequate: Marten 
and Lindsay 1990; Shoji et al. 1993c) for all sampled sites in the watershed (Figure
7.45). Levels are higher (61-94 ppm) at wooded sites than at cultivated sites (16-38
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Figure 7.44: Exchangeable Fe (ppm) compared along the catena.
ppm). Overall trends indicate decreasing manganese values downslope, although the 
ridgetop wooded site has lower levels than do the wooded sites at other slope 
positions. Normalizing to clay content indicates that Mn values are tied to soil texture, 
as well as to organic matter content 
7.6.2.4 Copper and Zinc
Copper (5.2-9.0 ppm) and zinc levels (2.0-6.9 ppm) are also well above critical 
values for all samples taken from the watershed (Martens and Lindsay 1990; Figure
7.46). Copper levels remain fairly consistent among all sites, although they are 
slightly higher for the forested ridgetop. Zinc levels (Figure 7.47) are higher for 
forested sites than for cultivated sites. Among forested sites zinc levels increase 
slightly downslope. Among cultivated sites, levels decrease from the ridgetop to 
sideslope positions, then increase again slightly at the footslope and toeslope 
positions. Normalizing for clay content enhances this tendency, indicating that these 
nutrients are accumulating at the lower slope positions.
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Figure 7.45: Exchangeable Mn (ppm) compared along the catena.cultivated sites, zinc
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Figure 7.46: Exchangeable Cu (ppm) compared along the catena.
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Figure 7.47: Exchangeable Zn compared along the catena.
7.7  Summary
7.7 .1  Short-Term and Long-Term Erosion Comparisons
Results for both the short-term and long-term studies indicate that local erosion 
rates for milpa planted using the traditional contour ridge system are higher than the 
generally accepted soil loss tolerance of 11 tons/hectare/year (Schertz 1983; Brady 
1990) on slopes with gradients that exceed 35%. Some authors (Morgan 1986) 
suggest a maximum soil loss tolerance of 25 tons/hectare/year may be feasible for 
soils with deep rooting zones, and on steep slopes in areas where soil formation rates 
are higher than for level surfaces (Schertz 1983). On some local soils, where rooting 
zones are shallow due to either hardpans, as in Watershed Four, or to shallow 
claypans, as in Plot 4b, even the lower tolerance may be too high. Thus, the mean 
soil losses of 22 tons/hectare/year (22% slope) and 34 tons/hectare/year (43% slope)
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derived from 137Cs losses in the Pachitur watershed, while not high relative to rates 
calculated for similar environments (Humi 1982; Torres 1987), might still be 
considered excessive. Although values for the erosion plot comparison are crude, 
and therefore cannot be used to estimate actual soil losses, figures for plots 2e, 2f, 
and 4a indicate that erosion losses might be much higher for steeper slopes (£50%). 
These losses might approach, or even exceed, figures (mean estimated rates of 70 
tons/hectare/year) Maass et al. (1988) derived for maize plots in Jalisco, Mexico. 
Also, the development of rills, due to contour ridge breakage in the steeper plots, 
provides efficient conduits for downslope sediment transport. This in turn 
contributes to soil losses, especially during lower intensity rainfall events that usually 
would not cause sediment removal on contoured plots.
The erosion plot comparison results indicate that both contour grass strips and 
infiltration ditches, when combined with the traditional system, provide significantly 
more protection from soil losses than do the contour ridges alone. Likewise, an 
organically managed plot that includes a mulch cover and maintains high soil organic 
matter contents also appears to dramatically reduce soil losses. However, the soil's 
capacity to form highly stable aggregates, due to special properties associated with 
some volcanic ash soils, may also have contributed to soil loss reduction in that plot 
Other studies, however, have indicated similar results for milpa with a mulch cover 
(Maass et al. 1988). A conservation system based on one local farmer's approach 
was less clearly successful in reducing soil losses. Contour brush barriers reduced 
soil losses by nearly one-half in a plot with 24 meter length, yet produced no 
significant reductions on a longer slope, although overflow from the plot immediately 
above it may have been a factor.
Thus, of all five conservation systems, contour grass strips appear to be the 
most effective, followed by the litter mulch system. These two systems' advantage
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over the other systems is supported by Lai's (1990) review of studies conducted in 
similar environments, and by Maass et al.'s (1988) study conducted in Jalisco, 
Mexico. According to Lai (1990), 7% appears to be the maximum slope on which 
contour ridges alone are effective. Wischmeier and Smith (1978) also indicated that, 
on a 35 m length slope similar to the erosion comparison plots, contouring is only 
effective up to slope gradients ranging from 9 to 12%. Maass et al.'s (1988) study 
indicated that adding a forest litter mulch significantly reduced soil losses (from an 
average 70 tons/hectare/year to an average S.8 tons/hectare/year) on a 50% slope, in a 
maize plot without contour ridges. Lopez Hernandez (1990) also found that 
infiltration ditches reduced erosion losses by nearly half, and that contour grass strips 
reduced erosion by nearly two-thirds.
7 .7 .2  Soil Fertility
The number of observations involved are too small to make a statistically valid 
comparison of the effects that soil losses might have on fertility. Generally, such 
comparisons also require longer-term measurements than were possible for this 
study. However, comparisons did show potential trends.
It was difficult to generalize across all four watersheds because soil types, 
microclimates, and soil management practices can vary from one watershed to the 
next. However, the plots in Watersheds One and Four, which appeared to be the 
most degraded, also had lower pH, estimated CEC, and exchangeable bases than did 
other plots in the comparison. The plots that had been established for longer periods 
of time also generally had higher phosphorus contents, and lower potassium, 
calcium, and magnesium contents than did the newly established plots.
The design of the Cesium-137 analysis allowed for a more direct comparison 
between sites with "natural" cover and cultivated sites. Again, the number of 
observations involved is too small for statistical comparisons, but some trends are
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apparent when nutrient contents are plotted on graphs. Overall, cultivated sites tend 
to have lower overall pH, organic matter contents, estimated CEC, and exhangeable 
bases than do non-cultivated sites. Phosphorus levels are higher for cultivated sites, 
than for non-cultivated sites, while calcium, potassium, and magnesium contents are 
lower for cultivated sites than for non-cultivated sites. Trends for other nutrients are 
not as apparent
The effects of erosion on fertility are not as strongly developed in the Pachitur 
basin, although it appears that sites undergoing higher amounts of sediment flux, i.e. 
the shoulder slope, sideslope, footslope, and toeslope, also have lower organic 
matter contents, estimated CEC, and exchangeable bases than do the ridgetop 
positions.
Based on available levels of these nutrients for the wooded sites that appear in 
Tables 7.4 and 7.7 it appears that local soils have naturally high in potassium, 
magnesium, iron, manganese, copper, and zinc. The high potassium levels probably 
stem from the composition of the rhyolitic and dacitic parent materials, which are 
usually rich in potassium feldspars (Dahlgren et al. 1993). Local farmers have 
apparently acknowledged local soils' high potassium contents, since cultivated sites 
contain significantly less potassium than do non-cultivated sites. This indicates that 
cultivated plots in this watershed do not receive potassium inputs. High levels of 
available magnesium probably also reflect parent material composition (Nanzyo et 
al. 1993a). High iron, manganese, copper and zinc levels probably reflect the 
effects of biocycling and bioaccumulation in the organic matter contained within 
the surface layers of local soils (Shoji et al. 1993c).
Conversely, local soils test for low to moderate levels of available phosphorus, 
calcium, and sodium. Aluminum levels vary from low to moderate at all forested 
sites, and from moderate to high at cultivated sites. Cation exchange capacity, pH,
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and exchangeable bases all appear to reflect organic matter contents in these soils. 
Low availability of phosphorus is again related to the strong phosphorus adsorption 
capacities of the oxides of aluminum and iron that are associated with volcanic ash 
soils such as Andisols.
Continuing cultivation on local soils may be depleting soils of certain elements 
such as calcium, magnesium, manganese, and potassium. Calcium loss is probably 
of the most immediate concern. This is especially true for those soils that have low 
pH combined with high aluminum content (Brady 1990; Tisdale et al. 1993). 
Depletion of potassium and magnesium do not appear to be of immediate concern, but 
could pose problems in the future. Manganese levels, on the other hand, appear to be 
adequate for some time to come. Conversely, continuing chemical fertilizer 
applications have produced higher phosphorus levels in cultivated profiles, compared 
to non-cultivated profiles. Nitrogen levels are probably also high, since most 
chemical fertilizers sold locally also contain significant levels of nitrogen.15 Lower 
pH values for cultivated sites might reflect the effects of nitrogen acidification, as well 
as the effects of lowered organic matter contents caused by removal of the natural 
vegetation cover.
7 .7 .3  Caveat
In conclusion, the traditional surco system is effective on moderate slopes, but 
less so on steeper slopes. All of the other systems performed better than surcos alone 
on all slope gradients where such comparisons were made. Adding contour grass 
strips (barreras vivas) provided the greatest protection, while the addition of contour
15 M aize plants in  many local fields often  exceed 3 meters in  height near the end o f  the growing 
season. T heir height, com bined w ith narrow  basal stalk diam eters, m ake them especially 
susceptible to  lodging during the high w inds that usually occur in  O ctober and N ovem ber. M any 
agronom ists c ite  this as a  sign o f  excessive nitrogen usage. M any local fanners have cited  this as 
a  m ajor problem  that affects local milpa production. Som e actually associate this problem  with 
increasing local usage o f  chemical fertilizers during recent years, which further indicates 
sophisticated local knowledge o f  fertilizer effects.
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brush barriers provided the least Organic management using the system of labranza 
minima (minimum tillage) also shows great promise.
Fertility analysis on samples collected in the study plots indicate that erosion has 
affected soil fertility, especially on longer-established fields. Therefore, any 
improvement in erosion control will likewise have positive effects on soil fertility 
management
However, as discussions of the farmer perspective in Chapter Six show, 
farmers have well-reasoned misgivings about each of the promoted systems. In 
addition to these concerns, none of the promoted conservation systems is completely 
effective in combating soil erosion. Although the other four systems provided 
additional protection over that of the traditional surco system, their long-term 
effectiveness can only be assured with proper maintenance (Hudson 1971; Wilken 
1987).
In Chapter Six I mentioned that sediments settling behind contour grass strips 
and mojdns give them the appearance of sloping terraces over time. This results from 
a gradual rearrangement of soil particles from upper portions of the spaces between 
strips to the lower portions behind the strips by the combination of entrainment- 
deposition and plow erosion (Brown et al. 1981a; Lai 1990; Zhang et al. 1999). This 
causes degradation in the upper portions, according to Lai (1990). Eventually, the 
risers that result from this redistribution become unstable over time, much like the 
earthen terrace risers described by Wilken (1987). During intense rainstorm events, 
this can result in slumping, and concentrated flow that would cause considerable 
damage (Hudson 1971; Wilken 1987). Additionally, gophers seem to be attracted to 
the grass strips, and their tunnels commonly cross the risers. In plot 2a from the 
erosion plot comparison, a gopher tunnel caused a concentration of runoff in one 
portion of the collection trench, as sediments that collected behind the grass strip were
352
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
washed into the trench. This was one reason the erosion estimate was higher for plot 
2a than for plots 2b and 2c. Unless these tunnels are stopped up, they can also lead 
to collapse of the whole riser, including the grass strip (Hudson 1971).
Contour brush barriers can also exacerbate erosion problems. Two of the 
barriers in plot 2e collapsed after a rainstorm event that deposited 79 mm of rainfall in 
Pamumus over a 24 hour period. One contributing factor was the concentration of 
runoff waters in a gopher hole that began in the trench behind an upper barrier. The 
resulting gully concentrated runoff water, which in turn undermined the barrier below 
it, and led to the collapse of part of a third barrier (Figure 7.7).
Infiltration ditches are also prone to overflow in high-intensity rainfall events, 
especially if they do not properly follow the contour. If this is the case, water 
concentrates at the lowest spot, and will be concentrated at that spot, rather than 
dispersed about the surface of the plot, which causes gullying below the ditch. If the 
fanner does not clean the ditch regularly, the likelihood that this will happen 
increases, due to the collected sediments lowering ditch storage capacity.
Even bench terraces are prone to collapse if not maintained properly (Wilken 
1987), as two local farmers found out. In one case, gophers had undermined a 
terrace riser, causing a collapse of part of the riser. Another farmer had constructed 
terraces, but did not maintain them regularly, so the risers were also beginning to 
collapse. In neither case was the result catastrophic, but this could change, if the 
risers are not repaired sometime in the near future.
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CHAPTER EIGHT 
DISCUSSION AND CONCLUSIONS 
8.1 Introduction
Like peasant farmers the world over, the Kaqchike! and ladino farmers whose 
words, knowledge and opinions appear in this study demonstrate a sophisticated 
knowledge of the soil resource on which they and their families depend for 
subsistence. This is reflected in their assessments of soil classes and soil capabilities 
for crop production, their knowledge of how to manage soil fertility and their 
understanding of the various processes that contribute to soil erosion, and to land 
degradation in general. Yet, despite this knowledge, they do not always act in a 
manner that reflects their cognizance of these relationships. In the following 
discussion, I will recap some of the themes that I touched upon in this text, and 
consider some of the factors that affect local farmers' management of the soil 
resource.
8.2 Land Degradation and Folk Knowledge Systems
8.2.1 Folk Soil Knowledge
In Chapter Four, I discussed my interpretations of farmer classifications and 
farmer assessments of local soils and their suitabilities for crop production. This 
discussion demonstrates that, like other folk taxonomies discussed by Wilken (1987), 
Wilshusen and Stone (1990), Zimmerer (1994), and Sandor and Furbee (1996), local 
soil taxonomies indicate an extensive knowledge of local soils. It also revealed that 
local systems share several common attributes with scientific classification systems. 
However, it was also pointed out that the local classifications, with their emphasis on 
the practical management of local soils, shared more with the science of edaphology 
than with the science of pedology. Thus, more direct comparisons could be made 
with technical soil classification systems such as the Fertility Capability Soil 
Classification System (FCC) outlined by Sanchez et al. (197S), than with natural soil
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classification systems such as Soil Taxonomy (USDA Soil Survey Staff 1975) or the 
legend for the FAO-Unesco Soil Maps of the World (FAO 1988).
Like local soil assessments, the FCC classification bases its highest level 
category on the texture of the layer that is being cultivated (Sanchez et al. 1982: 284). 
The FCC's second-level category is based on substrata type, or subsoil texture.
Local farmers often also modify their assessment of a particular soil horizon based on 
the characteristics of adjacent layers. Thus, a q'aq ulew that formed over a poqolaj 
ulew would be considered less productive than one that formed over a q'an ulew 
medio barrial, especially if it were thin (less than thirty centimeters in thickness). 
Among the fourteen modifiers defined for the FCC, there are several that also bear 
resemblance to modifiers or other assessments used that were used by the local 
farmers who assisted me in my solicitations of local soil classifications, and these 
might possibly be adapted to fit local criteria.
However, even classification systems like the FCC are inadequate to account for 
the external factors mentioned in Chapter Four insolation, wind, altitude, and 
(topographic) drainage, all of which can have important effects on local crop 
production, especially milpa production. Local assessments of soil suitability are 
reflected in the categorization of a particular soil's "hotness" or "coldness”, which 
refers to these external factors, and combines them with intrinsic soil properties that 
are related to texture, organic matter content, moisture content, and fertility. Thus, 
the folk soil suitability assessments discussed often work at a more inclusive level 
than do even those formal systems that have been developed for conveying practical 
information about a particular soil's suitability for crop production that is based 
primarily on intrinsic soil properties. Therefore, unlike formal Western approaches to 
suitability classifications, farmer soil suitability categorizations do not necessarily 
focus on the soil to the exclusion of other related factors that may combine with
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intrinsic soil properties to limit a particular location's capacity for producing particular 
crops under specific environmental conditions.
One important aspect of the local soil environment that might not be considered 
within scientific soil suitability classification systems is the particular setting within 
which local crops are being produced: a tropical highland region with a highly varied 
topography. Given that micro-geographic variations in elevation, slope aspect, and 
topography in such environments can have profound effects on local microclimates 
and edaphic regimes, locally relevant soil suitability assessments, on the other hand, 
must take such variations into account.
8.2.2 Soil Fertility Management
The utility of applying the "hot/cold" concept to farmer assessments of soil 
suitability for crop production extends to soil fertility management, if we consider 
how farmers have applied the concept to the practical aspects of matching fertilizers 
and soils. Since most local farmers have little access to laboratory analyses of soil 
samples, they have instead extended "hot/cold" concepts to the use of commercially 
available fertilizers for maintaining soil fertility. Fertilizers that contain phosphorus 
are considered nhotn, since they tend to have the greatest immediate effect on overall 
crop production. This is logical given that soils that develop on volcanic ashes, and 
most tropical soils in general, tend to have high phosphate fixation capacities (Ahn 
1993; Shoji et al. 1993). That most local soils are naturally low in available 
phosphorus is evident from fertility analyses performed on samples collected during 
fieldwork. Sulfate fertilizers and urea, which apparently have less effect on crop 
production on many local soils, are considered "cold”, or "fresco", probably due to 
an acidifying effect associated with nitrogen and sulfur fertilizers (Ahn 1993). The 
same logic is applied to animal manures, whereas those manures that have higher 
nutrient concentrations, such as those from barnyard fowl, goats, and pigs are "hot".
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while the manure of cattle and horses, which usually have high bulk and low nutrient 
concentrations, are "cold" (Ahn 1993: 147). Thus, the practice of balancing "hot" 
soils with "cold" fertilizers, and vice versa, provides a practical local solution to the 
problem of applying the fertilizer that best matches local soils' nutrient requirements.
Before the advent of commercially available fertilizers into the local system, 
farmers had relied primarily on cultural methods such as bush fallow and manuring to 
maintain yields. As a result, they had developed a variety of ways to maintain soil 
fertility. However, overall yields per unit land associated with these methods were 
low, partially due to the difficulties of transporting bulky manures to their fields, and 
partially due to the fact that few could afford the number of animals needed to supply 
adequate amounts of manure to their fields. Thus, as landholdings became smaller, 
many turned to working off-farm to supplement farm production.
When chemical fertilizers became available locally, although farmers were at 
first suspicious, they soon saw the benefits of a supplement that allowed them to 
increase their yields several-fold. Now they could again remain at home to supply for 
their families' subsistence needs, instead of leaving for several months to work on 
plantations far from their villages.
After several decades, however, farmers once again find themselves looking for 
alternatives. Despite increasing sophistication in their use of commercial fertilizers, 
which is reflected in their application of the "hot/cold" concept to matching chemical 
fertilizers with soil fertility requirements, they once again find themselves facing a 
situation wherein declining fertilizer effectiveness is combining with rising fertilizer 
prices to jeopardize their ability to feed their families.
Two likely culprits are soil mining and nitrogen acidification, which both can be 
attributed to some farmers' having completely replaced organic amendments with the 
almost exclusive use of N-P-K fertilizers. Thus, many micronutrients that were once
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supplied by organic amendments have not been replaced with their commercial 
equivalents. Likewise, soil organic matter contents are being depleted. Meanwhile, 
heavy applications of nitrogen-containing fertilizers are steadily lowering soil pH, 
which in turn lowers the soil's capacity to make phosphorus available for plant 
uptake.
Organic amendments can help offset these problems, and many farmers have 
begun to return to cultural methods, if only to supplement chemical inputs and bring 
their costs down. A few are experimenting with the exclusive use of organic 
methods, in the form of permaculture, a holistic system promoted by a Guatemalan 
NGO (see Chapter Five). This seems to be having a positive effect, according to 
several farmers who were interviewed in during semi-structured interviews. An 
analysis of survey responses, however, indicates that such results might not be 
enjoyed by all, or even most, fanners.
8.2.3 Soil Erosion and Soil Conservation
Another aspect of folk soil knowledge and management concerns the 
acknowledgement of erosion and its effects on crop productivity, which is then acted 
upon through either cultural or mechanical means of erosion control. The Guatemalan 
highlands was one of the regions exemplified by Donkin (1979) and Wilken (1987) 
for its distinctive slope management systems such as the tablon systems of water 
management, terraces, and ridge terraces that are found in the region surrounding, 
and to the west of, Lake Atitlln. However, as I laid out in Chapter Six, the tabldns 
and other terrace systems are far from prevalent in the Guatemalan highlands, for 
reasons associated with the particular physical and spatial requirements of maize, 
which is the keystone of the milpa agroecosystem on which many highland families 
depend for their subsistence. Furthermore, the system Wilken (1987) refers to as 
ridge terraces, and is known locally as surcos, shares more in common with contour
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plow systems long advocated for use in the United States, and on much gender slopes 
than those on which they can be found in Guatemala's highlands. Like those 
systems, when the ridges and furrows do not faithfully follow the contour, surcos are 
susceptible to breaching, which can greatly excerbate processes of rill and gully 
formation.
Interview comments and survey responses indicate that local farmers are well 
aware of local erosion hazards and the potential effects of accelerated soil loss on crop 
production and the long-term productivity of their fields. They are likewise aware of 
the surco system's limitations, especially during high-intensity rainfall events. Past 
attempts on the part of the government and NGOs to instigate conservation projects in 
the area have met with sporadic results. The promotion of bench terraces has met 
with predictable results, given that the production of vegetables and other labor and 
water-intensive cash crops, which might have led to their widespread adoption, has 
not caught on locally, due to a lack of reliable markets. Other systems such as 
infiltration ditches and contour grass strips appear to have gained a foothold, mainly 
because farmers have adapted them to fit into the local agroecosystem, yet in a form 
that may not have been anticipated by their promoters.
8.3 Impact of Local Agroecosystems on the Soil R esource
8.3.1 Soil Losses
Physical measurements of short term and long term erosion under local 
conditions indicate that erosion rates under the traditional surco system of field 
surface management are not exceedingly high. However, they also indicate that soil 
losses under this system are higher than most recommended maximum soil loss 
tolerances. On slopes with over 50% gradient, losses under this system may be even 
higher. Thus, the local system might only be truly effective on moderate slopes with 
up to twenty percent gradient (Lai 1990).
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The short term comparison also indicated that contour grass strips, infiltration 
ditches, contour brush barriers, and labranza minima all provided greater protection 
from soil loss than did surcos alone. Contour grass strips and labranza minima both 
greatly decreased soil loss rates, and were comparable to natural forest cover in their 
effectiveness at combatting soil losses on slopes of up to 50%, or more.
Local farmers seem to be aware of the limitations of the traditional system. 
Many of them are also aware of the advantages afforded by the promoted systems. 
While a significant number of survey respondents claim to have adopted either or 
both infiltration ditches and contour grass strips, personal observations and semi­
structured interviews indicate that these responses might be referring to field 
mojones planted to zacatdn, and to diversion ditches. Nevertheless, this may 
significant, since these devices may also serve to conserve soil. The question is: 
How good are they at minimizing soil erosion? Furthermore, most local farmers 
apparently consider well-constructed surcos sufficient to minimize soil losses, even 
in the face of heavy rainstorm events.
There are two possible explanations for this apparent paradox: 1) that A.C.S. 
Wright's (1962) observation of forty years past is on the mark; 2) that, while farmers 
are concerned about soil losses, they feel that they can also repair erosion-related 
damages in their Helds.
The first is most evident if we return to the contour map of the Pachitur basin 
(Figure 7.31). Close observation will detect that the contours deviate sharply at 
the boundary between woodland and cultivated areas, indicating that the surface of 
the cultivated areas has been lowered somewhat. The effect is most dramatic at the 
shoulder and upper backslope positions, and diminishes towards the footslope and 
toeslope positions. This has been caused by a combination of water-induced and 
cultivation-induced soil movement from upper slope positions to lower ones. While
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the median estimated soil loss of 34t/ha/yr is serious, it is not enough to warrant 
immediate concern on the part of the fanner. This is reflected in fertility comparisons 
that indicate that, while exchangeable amounts of many nutrients are lower in the 
cultivated plots than in wooded ones, they are not sufficiently lower to cause 
immediate concern about soil degradation. Furthermore, the use of chemical 
fertilizers has kept N and P levels high, which may in turn mask the effects of 
sediment losses on soil fertility.
The second explanation is evidenced by farmer comments and persona) 
observations. Fields that have lost productionjiue to the removal of productive soil to 
the subsoil, or to tepetate, can be rejuvenated through hard work and the 
incorporation of organic matter. Chances are most farmers would begin the process 
once productivity levels have dropped off noticeably, rather than wait until these 
horizons are completely exposed.
8.3.2 Fertility Losses
That soil fertility has been affected by years of cultivation is evident in the 
analyses performed on samples from the Pachitur watershed where the 137Cs study 
was conducted. As mentioned above, the cultivated sites have higher available 
amounts of P, yet have lower amounts of most other nutrients. Likewise, organic 
matter contents, pH, and exchangeable bases are also lower in the cultivated soils.
Fertility analyses performed on the erosion comparison plots also indicate 
that those fields that have been cultivated for the longest period of time, and suffer 
the most apparent degradation likewise suffer greatly from losses of nutrients such 
as K, Ca, Mg, Mn, Cu, and Zn; while pH, organic matter, and overall base 
contents have also been affected.
These observation agree with the farmers' own comments about how they must 
apply more chemical fertilizers to their fields to maintain the yields that they had
361
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
obtained with much lower inputs in years past. Which is what is leading them to the 
current crossroads at which they find themselves: how to continue feeding their 
families with the traditional system that has maintained the Maya for over two 
millenia, and has likewise sustained their ladino counterparts for nearly 2 1/2 
centuries.
8.4 Conclusions
8.4.1 Addressing Questions Posed in Chapter One
In Chapter One I posed 5 primary and 3 secondary research questions to be 
addressed by the research described in this text. As is generally the case in a so-called 
"natural experiment" such as this one, wherein variables cannot be controlled, the 
answers to these questions are not straightforward, but rather complex, and must be 
qualified, according to context
8.4.1.1 Primary Research Questions
Do local farmers recognize human-induced soil erosion and any effects that 
accelerated soil losses may have on agricultural production? The answer is an 
unqualified yes. As was discussed in Chapter Six, and earlier in this chapter, local 
farmers are aware of local erosion hazards and the effects that accelerated soil loss can 
have on crop production and soil fertility, both in the short term and in the long term.
Does farmer recognition of soil erosion and its effects result in actions designed 
to mitigtate accelerated soil loss? The answer is: Usually, but to varying degrees.
What techniques do farmers most commonly use to combat accelerated erosion 
in their fields? Most farmers use the traditional soil conservation systems, which 
entails the use of surcos, or contour ridges, combined with diversion ditches, ridge 
ties (cajuelas) and the use of crop residues aligned in the furrows between surco 
ridges. A significant number of fanners also claim to use contour grass strips, and 
ditches that are excavated along the contour. Personal observations and semi-
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structured interviews indicate that, while some farmers do use infiltration ditches and 
contour strips similar to those promoted by the Guatemalan government and non­
governmental organizations, many apparently were referring to diversion ditches or 
mojons (field boundaries). However, further fieldwork will be needed to corroborate 
this hypothesis.
How do these techniques fit into local environmental, socioeconomic, and 
cultural contexts? Surcos, diversion ditches, and mojdns are an integral part of the 
local cultural landscape. Semi-structured interviews with individual farmers indicate 
that introduced conservations systems like contour grass strips, infiltration ditches, 
and terraces do not fit into the current environmental, socioeconomic, and cultural 
contexts. Terraces are considered too labor-intensive to construct and maintain, in 
addition to removing too much valuable cropland out of immediate production. This 
is reinforced by data on labor inputs for terracing under a variety of conditions (Table 
6.9), and by calculations on the amount of slope removed from production by 
converting it to flat terrace surfaces (Section 6.3.2), which is an important 
consideration given the particular spatial requirements of the milpa agroecosystem. 
Infiltration ditches are also labor intensive, and excavated materials can adversely 
affect crop production downslope from the ditches for several seasons. Grass strips 
are not as labor-intensive as terraces or infiltration ditches, but do have adverse affects 
on crop production (Table 6.16). All of these factors have consequences that affect 
the acceptance of these systems, given the local socioeconomic context. However, 
grass moj6ns that trend perpendicular to slope gradient may serve the same purpose 
as contour grass strips, although wider spacings may limit their overall effectiveness.
What effects do local farming practices have upon the soil environment? 
Preliminary results of short term and long term studies of erosion rates under milpa 
planted to the traditional surco conservation system indicate that the system is
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effective in minimizing accelerated soil losses. However, both studies also indicate 
that erosion rates associated with the traditional system are above the maximum soil 
loss tolerances for local soil and slope conditions (Schertz 1983; Morgan 1986; Brady 
1990). This is especially relevant for local soils where lithic contacts, tepetate, or 
hardpans occur close to the surface: i.e., those that form over welded tuffs or that 
contain tepetate layers within their profiles. Conversely, contour grass strips, 
infiltration ditches, and labranza minima all provide significant reductions in soil 
losses when compared with the traditional surco system alone.
In terms of soil fertility, the semi-structured interviews with local farmers 
indicate that, over the past 40 years, traditional methods of maintaining soil fertility 
have been replaced by the almost exclusive use of commercially available chemical 
fertilizers. However, it is important to note that past methods of maintaining soil 
fertility may never have been very successful, if the interviews with older farmers in 
the opening sections of Chapter Five are any indication. That farmers turned to 
agrochemicals to the extent that they did is a rational decision on their part, given 
several statements indicating that the large increase in maize yields may have allowed 
many local farmers to stop working as migratory wage laborers during the off­
season. A lack of systematic data on past and present labor migration points to an 
avenue for future research.
Now, however, many farmers are beginning to claim that the chemical inputs 
needed to maintain high yields are reaching a point where it is no longer economically 
viable to continue using chemical fertilizers alone. Now, many are beginning to re­
examine organic methods as a more cost-effective means of maintaining soil fertility. 
The most common cultural means of maintaining soil fertility is through burying crop 
stubble instead of burning it. Those who own livestock, or who can afford buy 
animal manures are also using these to supplement chemical inputs. Semi-structured
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interviews indicate that this has had significant impact on chemical inputs for several 
of the interviewees, although an analysis of survey responses indicates that organic 
methods have not significantly affected chemical inputs for the majority of farmers. A 
few fanners have even begun to look into holistic organic agrosystems such as 
permaculture to completely replace their dependence on chemical fertilizers, although 
their number to date is still insignificant compared to those using chemical fertilizers 
exclusively.
8.4.1.2 Secondary Research Questions
How do socioeconomic factors such as land tenure, seasonal wage labor, and 
markets affect farmers' responses to accelerated erosion in their fields? How have 
these factors influenced farmers to use practices, or not implement others, which have 
led, and are leading, to soil erosion and to land degradation in general?
In terms of the effect that land tenure might have on farmers' actions concerning 
soil management, nearly 1/2 of the survey respondents claim to own less than 7 ca., 
or approximately 2/3 hectare (Table 3.7). Chi-square analyses run on a selected set of 
variables from the survey (Appendix C) indicate that there is a relationship between 
the number of cuerdas owned and such variables as the use of animal manure, the use 
of grass strips, and the rotation of crops.
A cross tabulation analysis comparing land ownership against the use of grass 
strips indicates that farmers who own less than twelve cuerdas of land were less likely 
to use grass strips than those who owned more than that amount. This relationship 
tends to corroborate interviewee and survey respondent comments concerning the 
effect that grass strips have on crop production in their fields.
Likewise, there is a relationship between the use of animal manures and the 
amount of land a particular respondent claimed to have owned. There is also a 
relationship between the number of cuerdas owned and the ownership of larger
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livestock such as cattle and horses, which is in turn correlated with the use of animal 
manures to maintain soil fertility. This I interpret to mean that land ownership can be 
related to the comparative wealth of an individual survey respondent. Thus, wealthier 
farmers are more likely to own livestock, particularly larger livestock such as cattle or 
horses. In turn, an individual who owns livestock, particularly larger livestock that 
produce greater amounts of manure and provide a means to transport that manure, is 
more likely to use the manure produced by these animals to maintain fertility in his or 
her fields.
Finally, it is reasonable to expect that the amount of land a particular farmer 
owns would affect whether or not s/he will rotate crops or leave a portion of that land 
fallow. A cross tabulation of landholdings versus crop rotations (Appendix C) 
indicates that the larger the landholdings, the greater the number of respondents 
that rotated crops. One might infer that the larger the farmer's landholdings, the 
more likely farmer is to plant crops other than the traditional crops. Therefore, 
the more likely the farmer will be to grow a variety of crops that can be rotated.
I have no systematic data on labor migration, since the survey did not include a 
question that specifically pertained to the topic. However, farmer comments during 
the semi-structured interviews (see Chapter Six) indicate that it might not be as 
prevalent today as it was in the past There is some extra-national migration among 
locals. This seemed to be more prevalent among ladinos than Kaqchikels. However, 
the lack of systematic data also precludes the use of more than speculation at this 
juncture. Therefore, since the issue is truly beyond the scope of the present research,
I will leave this topic for future research projects.
In terms of the the role that markets play, although there are no systematic data 
that pertain directly to the topic, there are indirect data that do indicate that a lack of 
reliable markets for export vegetables has been a source of frustration for many local
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reliable markets for export vegetables has been a source of frustration for many local 
fanners. This includes the group of Paquixfc farmers who had contracted with an 
export company to grow broccoli, only to find out at harvest time that the exporter 
would not accept their crop due to low prices and due to quality problems (see 
section 3.3.1.6). Likewise, in March of 1996,1 attended a meeting in which 
members of a rural cooperative in Comalapa's Aldea Simajuleu mentioned the lack 
of reliable transport and the difficulty of finding reliable markets as a reason they 
had not participated more fully in the export market, when asked by a representative 
of the foundation from which they had obtained a development loan. The data in 
Table 3.4 further reinforces the impression that farmers in the rural communities 
where the study took place are not producing very many crops for the cash economy.
This means that farmers with landholdings that are marginal for providing their 
families' subsistence needs are less likely to invest in outside technologies, such as 
grass strips and terraces, that might be the most effective at reducing soil loss. 
Likewise, they are less likely to have the resources such as large livestock and 
adequate available land to invest in other practices such as crop rotations, fallowing, 
and manuring that might also help to maintain soil fertility and to minimize future 
erosion risks.
The current lack of reliable markets for export crops also has consequences 
from the perspective of soil conservation, if one thinks in terms of lost incentives.
As mentioned in Chapter Six, there are extensive raised-bed and terrace systems in 
and around Panajachel, Solold, and Almolonga. However, unlike the study area, 
these areas have historically been associated with large regional markets, and with 
the production of vegetables for urban in Guatemala City, Quezaltenango and Antigua 
(McBryde 1947; Tax 1963; Mathewson 1984). As I discussed in Chapter Six, flat 
terrace surfaces provide many distinct advantages over non-terraced slopes for the
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production of many vegetable crops, which have high water needs, benefit from high 
soil organic matter contents, and require close supervision. Milpa production, on the 
other hand does not receive any direct benefits from terracing, and actually is 
negatively impacted because of the removal of valuable land from production. This 
consideration provides a strong dis -incentive for local farmers to construct terraces. 
However, were farmers to invest more in vegetable production for external markets, 
perhaps they could be persuaded of the advantages of terrace construction for that 
purpose.
An observation that I made in Aldea Mancherfn Grande, Zaragoza indicates 
that, even were local farmers to start producing export vegetables on a much larger 
scale than was evident in 1996-1997, there is a strong possibility that they would not 
spontaneously turn to terracing for the production of those crops on local slopes. 
Many farmers in Mancherdn Grande were raising "baby" vegetables such as zucchini 
and yellow squash during the dry season. To obtain irrigation water for their crops, 
they used irrigation systems that consisted of small plastic sprinkler heads connected 
by plastic tubing to wells that they had dug in the hillsides several meters uphill 
from their vegetable plots (Figure 8.1). The hydraulic head this created powered 
the sprinkler system. When the area covered by the sprinkler's arc was sufficiently 
watered, the farmer would pick up the entire setup, and move it to another portion of 
his plot, continually moving the sprinkler until the entire plot had been watered. This 
is a very ingenious adaptation to a problem, since these farmers are using relatively 
inexpensive equipment that can be obtained at local hardware stores in Comalapa and 
Zaragoza. However, the larger implication of this seemingly minor adaptation to local 
conditions is that a modem technology may have obviated the main incentive for 
constructing terraces: the control of water on a sloping surface. I might add that 
this may not necessarily occur, since several Comalapan farmers who grow flowers
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Figure 8.1: Sprinkler system on a hillside squash patch in Aldea Mancherln Grande.
for local and urban markets use terraces on local slopes, and irrigate them using the 
same sprinkler system (Figure 6.9). However, this is essentially a local case of 
dispersion of terracing from one individual, Axo, who was quoted in Chapter Six, 
mainly to members of his family. Time will tell which of these models will prevail if 
the market production of vegetables and flowers takes hold on a larger scale locally.
Table 8.1 indicates that only 25% of survey respondents have had direct 
dealings with agronomists or extension workers in the past five years. This 
corresponds well with interviewees' comments on the topic. Cross tabulations 
indicate that Kaqchikel respondents were more likely than ladino respondents to have 
had such interactions. When I compared responses by aldea, it appears that the 
greatest proportion of locals who had had interactions with agricultural technicians
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Table 8.1: Number of farmers who have interacted with agronomists, or attended 
workshops devoted to agricultural topics (usually staffed by agricultural 
extensionists) during the past five years.
% of 
T o t a l  T o t a l
R e sp o n d e n ts  w h o  c la im  th a t th e y  h av e  m e t  w ith  
a g ro n o m is ts  m e t w ith  a g ro n o m is ts  a t le a s t  o n c e
o v e r  th e  p a s t  5 y ea rs: 1 8  1 4 4  13%
R e sp o n d e n ts  w h o  have a t te n d e d  a  w o rk sh o p
d e d ic a te d  to  a g r ic u ltu ra l to p ic s  o v e r  th e  p a s t 5  y ears: 1 5  1 2 3  12%
were from Pachitur and Paquixic. Chirinjuyti and Las Colmenas respondents had had 
the least such interactions. This reflects comments by several interviewees from these 
smaller communities, who mentioned that agronomists did not visit these 
communities very often.
Comments made during the semi-structured interviews indicate that agronomists 
with D.I.G.E.S.A. have visited all of the communities included in the survey. 
However, interviewees' statements also indicate that the visits have been sporadic at 
best, and that the agents' did not spend much time assisting them with incorporating 
their suggestions into local agroecosystems. Several also cite the extension agents' 
lack of farming experience.
Such observations on the part of local farmers agree with several points made in 
Chapter One. First, the chronic underfunding of D.I.G.E.S.A. and similar 
institutions has resulted in a situation wherein a few extension agents are expected to 
service entire sub-regions of a particular country or region, with a minimal amount of 
funds to cover their overhead costs (Fletcher et al. 1970; Bergeron and Sandoval 
1991; Moock and Rhoades 1992). My own observations and interactions with pdrito 
agidnomos in Comalapa and Zaragoza corroborated this observation. Both Comalapa 
and Zaragoza had local D.I.G.E.S.A. offices staffed by pdrito agrrinomos who 
accompanied me to several of the communities included in this study, during
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reconnaissance work that I conducted in both municipios in 1994. There was one 
plrito agnSnomo for each office, which was responsible for the entire municipio, as 
well as several outlying communities in surrounding municipios. In addition, one 
local farmer from each community worked as an agricultural promoter for his 
community. The model is actually a positive development, on the face of it, and 
apparently stems from the efforts of Carroll Berhorst of the Berhorst Institute to 
promote community health services in the Highlands in the 1970s (Berhorst 1995, 
personal communications). This would theoretically overcome another barrier to 
agricultural development mentioned in Chapter One: that the conventional top-down 
approach to agriculture is insensitive to local environmental and socioeconomic 
realities.
However, the chronic underfunding which Guatemala's Institute of Agriculture 
had suffered from its inception came to a head in the mid-1990s. When I returned to 
begin fieldwork in 1996,1 intended to re-establish ties that I had made with the local 
D.I.G.E.S.A. offices in 1993 and 1994. However, I found that both of the pdrito 
ag6nomos who had helped me during my reconnaissance trips no longer worked with 
D.I.G.E.S.A., and that the local offices had cut back on staff. Meanwhile, the 
promoters were protesting that they had not been paid their stipends for several 
months. Although I did not have a chance to pursue the topic more thoroughly, the
D.I.G.E.S.A. staffs told me that the Agricultural Ministry was being re-organized, 
and that the government was going to farm out many of the services formerly 
provided by agencies such as D.I.G.E.S.A., I.C.T.A., and D.I.G.E.BOS. to various 
non-govemmental organizations, such as the Carroll Berhorst Institute and Fundacidn 
Huleu out of Tecpdn Guatemala, that were becoming increasingly involved in rural 
development within the highlands. However, my own experiences with agricultural 
technicians working with the Carroll Berhorst Institute and ALTERTEC indicate that
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they may not be any more efficient than the governmental agencies whose roles they 
might be asked to fill.
Thus, the fanners' perspective that the agricultural technicians did not provide 
much assistance, and that they were poorly trained may be more associated with the 
problems mentioned above than with any shortcomings of the p^rito agrdnomos 
themselves. My experiences with the two agents from Comalapa and Zaragoza were 
that they were dedicated individuals who worked hard at their jobs, and had great 
respect for the people with whom they worked in the various communities.
However, the agent from Comalapa had to cover a territory that included a total 
population of nearly 28,000 (Table 3.1), while the Zaragoza agent covered a territory 
that included a total population of nearly 14,000 (Table 3.5). Thus, it is not 
surprising that they have not had great success. Given the circumstances under which 
the local D.I.G.S.A. offices worked, it is perhaps more surprising that they were as 
successful as they were, if we consider the information provided in the surveys on 
local acknowlegement and use of grass strips and infiltration ditches, for instance. 
Extension efforts on the part of extension agents were perhaps even more effective in 
the case of crop residue management, which several sources, including both 
interviees and academics (Asturias Barrios, personal communications), indicate was 
originally promoted by the government.
Does ethnicity play a role in farmer experimentation, farmers' efforts to combat 
erosion in their fields, or in their perception of local erosion hazards? Beginning with 
fanners' perceptions of local erosion hazards, both Kaqchikel and ladino farmers 
overwhelmingly associated high intensity rainfall with erosion-related consequences 
for their fields, which means that no statistical comparisons can be run. In terms of 
fanners' efforts to control erosion in their fields, both Kaqchikel and ladino farmers 
rejected terracing, so no analysis could be run on the variable. In terms of infiltration
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ditches and grass strips, there is no significant relationship between ethnicity and 
respondents' claims to have used either, or both, of these conservation systems. As 
mentioned in Chapter Six, however, these values may reflect a mis-communication in 
which some fanners appeared to claim that they used grass strips or infiltration 
ditches when they were actually referring to grass lined mojons and/or diversion 
ditches.
In terms of actions designed to maintain soil fertility in farmers' fields, there is 
no evidence that either group is more or less likely to use fallow or crop rotations as a 
means of managing fertility levels. In terms of green manures, neither group uses 
ilamo or sauco (see Chapter Five), and only a few farmers still grow choreque, due to 
problems with diseases and crop pests. Chi squares and crosstabulations indicate that 
Kaqchikels are more likely than ladinos to bury their residues, while four respondents 
identified as ladinos fed the residues to their animals. However, ladino respondents 
were more likely than Kaqchikel respondents to use animal manure in their fields.
This can probably be explained by the observation that a greater proportion of ladino 
respondents owned livestock larger than barnyard fowl, which includes sheep, goats, 
pigs, cattle, and horses (Appendix C).
In terms of general knowledge of the soil resource, the discussion of folk soil 
knowledge systems and excerpts from semi-structured interviews presented in 
Chapters Five and Six suggest that both Kaqchikel and ladino farmers have thorough 
knowledge of those resources. This can be expected, given that both groups have 
been producing crops locally for at least several centuries. Although the Kaqchikels' 
ancestors have been in the area for much longer than those of the ladinos, 2 1/2 
centuries is a long time, especially given that the two groups have been interacting on 
a fairly regular basis during that time, even if the relationship has not always been 
cordial, or one of ethnic equality (Mdndez Dominguez 1969).
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Thus, apart from a few stereotypes hekl over from the past, such as indfgenas 
being more industrious or more likely to experiment than ladinos, I found little 
evidence to suggest that members of one group as a whole were more or less diligent 
in maintaining the quality of the soil in their fields than members of the other group. 
There is evidence from chi-square analysis and cross tabulations, however, that 
Kaqchikel farmers have had more interactions with DIGESA agents and non­
governmental organizations, and had attended more agricultural workshops or field 
days (Appendix C). This corresponds with my own experiences. Although most 
Guatemalan researchers felt that I would have trouble getting Kaqchikel farmers to 
open up, I found that, while this was true, it was actually more difficult to interview 
ladino farmers in Las Colmenas, Las Lomas and Los Chilares. In fact, I always felt 
slightly uneasy when working in these communities. While this is an admittedly 
subjective observation, Mdndez Dominguez (1969) also mentions the tension and 
violence often associated with Las Lomas and surrounding villages:
Distance may have reduced the amount of violence, but even in areas well- 
traveled during the day, men run the risk of death if they travel into another 
valley at night (Mendez Dominguez 1969: My translation).
I found myself spending most of my time in the ladino villages1 trying to get someone
to speak with me.
This is all circumstantial data, from which no valid conclusions can be drawn. 
However, it points to a much-mentioned aspect of rural development in 
Guatemala. Most non-govemmental organizations in Guatemala tend to work 
with the rural poor of indigenous descent, while many ladino farmers from Las 
Colmenas and Los Chilares complained that development workers never visited
1 At one point, 1 had to stop visiting Caserfo Los Chilares because a member of a local youth 
gang used a machete to ventilate the passenger side door of my field vehicle. After this, my 
teacher friend who helped with the survey design, and who taught at the Pachitur school, asked 
me to stop going to Los Chilares, since this gang was blamed for several local robberies, 
shootings, and murders.
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them. There are three probable explanations for this apparent discrepancy.
First, it has been mentioned in the literature (Elbow 1974) that indigenous 
peoples, with their distinct "otherness1 that is readily observed in native speech, 
dress, and customs, are more interesting to study than the poor rural ladino, whose 
"otherness" is often reflected only in his or her extreme poverty. Thus, poor ladinos 
are not as "sexy" as poor Indians.
Second, as mentioned in Chapter Three, the history of the Guatemalan ladino, 
especially that of rural poor, mixed-blood ladinos, or "castas", has in many ways 
been as difficult as that of the Maya. Top this with the present outsiders1 view of all 
ladinos as the oppressors of all Mayas, and it is not surprising that many rural poor 
ladinos are very suspicious of outsiders, especially long-haired "gringos" such as 
myself, who are often associated with the "communists" who came to aid in rural 
development during the aftermath of the 1976 earthquake (Annis 1987; Brett and Brett 
1988; Lovell 1988).
Third, and perhaps most important within the local context, during the height of 
the violence associated with the Guatemalan army's counterinsurgency campaign of 
the early 1980s, several local events occurred that appear to have had a profound 
effect on how locals interact with outsiders. As mentioned earlier, one of the more 
aggressive of the rebel groups operated out of San Martin Jilotepeque, and there is 
also an army base just south of Comalapa, on the road to Zaragoza. Aldea Las 
Colmenas was the alleged site of a rebel-sponsored massacre in which 17 of the 
townspeople were killed, and all of the houses were burned. When one local fanner 
showed me the blackened support beams of his house, he told me this is why it had 
been so difficult for me to get locals to open up to me. There also was the incident in 
which a local from Los Chilares damaged my own field vehicle during one of my 
visits to interview a local farmer.
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However, the same was also true of Aldea Paquixfc and Caserfo Pamumus, 
although to a lesser extent Locals tell of several isolated incidents that occurred in 
Comalapa, in which locals accused of being "communists" were kidnapped and 
tortured, primarily by the army. Aldea Paquixfc purportedly was the sight of a 
massacre of many locals after they left Sunday services at the Catholic Church.
These incidents bespeak of a deep distrust of outsiders on the part of the 
inhabitants in these rural communities. This distrust had a significant impact on my 
own research. As I mentioned in Chapter One, I was careful to work to allay locals' 
fears by presenting myself to community leaders in each of the villages that I visited. 
Although I was always able to find a few key informants from each community with 
whom to interview, I also encountered a lot of resistance on the part of many locals. 
On one occasion, I asked local community leaders in Paquixfc if they could introduce 
me to locals who might serve as key informants. After several weeks of asking, they 
finally took me aside and admitted that they could not find anybody who was 
willing. This was despite my having already spent significant amounts of time in 
Paquixfc picking up the fanners who helped me establish the comparison plots for 
my erosion study, and speaking to several locals during earlier reconnaissance trips. 
Their explanation for this reluctance on the part of locals was that many still were 
suspicious of blonde-haired outsiders, who they associated with the violence, since 
many European and American volunteers had come immediately after the 1976 
earthquake to help with rebuilding efforts, and had also assisted in the establishment 
of cooperatives, which the Guatemalan army set out to destroy during the late 1970s 
and early 1980s (Lovell 1988; Berger 1992; Annis 1987). Thus, anybody who freely 
associated with these outsiders was also under immediate suspicion, and had 
legitimate reason to fear for his or her life. As Lovell (1988) mentions, this had less 
to do with actual anti-communist sentiment than it had to do with the determination by
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the Guatemalan elites and the military to suppress any efforts on the part of highland 
residents to assert independence from the dependency status that they had acquired 
during the late 19th and early 20th centuries.
In the end, I was able to overcome such difficulties, but this was after several 
months of effort and the establishment of contacts. Hiring local teachers who worked 
in several of these communities also helped during the administration of the 
socioeconomic survey. However, many NGOs or government agents may not have 
this leisure, or might write off such suspicions as intransigence on the part of locals.
8.4.2 Implications for "Conservation with Development"
All of these issues point to the need for further studies of local contexts that 
affect projects aimed at improving rural living conditions, while at the same time 
protecting those local resources, such as soils' fertility and potential productivity, for 
future generations. Like many other developing regions, the Guatemalan highlands 
are increasingly being impacted by the effects of globalization. However, as was 
established in Chapter Three, they have been affected by national and international 
markets and political economies since the arrival of the Spaniards in the early 16th 
century.
Although many locals do work in Guatemala City, and some work as far away 
as California, Texas, and even New York City, it is also highly unlikely that most of 
the area's rural poor will be able to find employment that completely replaces their 
reliance on their small milpa plots to supply at least a portion of their families' basic 
caloric needs. Indeed, as these plots keep getting smaller, many will be increasingly 
drawn away from their farms during off-season months, and between tasks during 
milpa cultivation, as some already are. Thus, it will become increasingly important to 
find means of helping them minimize soil erosion and maintain soil productivity that 
do not require high investments of their time. Alternatively, it might be better to
377
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
encourage fanners to find on-farm activities like flower and vegetable production that 
will enable them to provide their families' needs without having to leave their farms. 
The challenge in this case is to find a stable market for these products, or to find 
alternative crops that will minimize their competition with better-established farmers 
who live closer to Guatemala City or other large hubs, and who also have better 
access to main transportation routes. If such alternatives can be established for these 
farmers, the task of inducing them to conserve their soil resources will be made much 
easier, since they will have greater incentive to do so. Any project that fails to heed 
the importance of these issues is doomed to failure, or at least to the sporadic success 
of earlier projects that were discussed in this text This means that more research of 
the type that I have attempted is needed, and that it should be conducted on a 
systematic basis.
Since the end of the violence, and especially since the signing of the Peace 
Accords on December 29,1996, more people have taken an interest in researching 
issues that pertain to the political economy and political ecology of the Guatemalan 
highlands. This is good, since more interest means more minds working on 
important issues such as uneven development, ethnic relations, cultural survival, and 
the profound social and economic stratification endemic to many developing regions. 
However, attention should also be paid to more mundane issues, such as resource 
conservation and agricultural production, since these issues have not gone away 
simply because they are not as "sexy" or "politically correct" as the other topics. Past 
critiques of land degradation research that does not include the impact of 
socioeconomic and sociopolitical variables on land degradation in developing 
countries have a valid point However, this does not mean that more traditional 
research focusing on the physical processes should no longer be an integral part of 
land degradation research. Likewise, studies that concern the interaction between
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physical process, local perceptions of physical processes and local responses fo 
perceived land degradation are still pertinent to the overall discussion on land 
degradation and the factors, both physical and human, that contribute to its effects.
8.4.2 Future Research Directions
Information acquired during the course of this study pointed out several avenues 
for future research. Some of this stems from inherent limitations of the study itself, 
while others stem from unforeseen factors that arose during the fieldwork portion of 
the study.
One particular topic that I would like to pursue further in future research is that 
of folk soil classification systems, their relationship to the field of edaphology, their 
potential use for mapping land degradation and creating larger-scale soil utility maps 
in areas where only small-scale maps are available. I would also like to further 
examine "hot/cold" concepts held by traditional farmers, and their use by local 
farmers as tools in determining soil potential for crop production, and in assessing a 
particular soil's, or field's, management needs.
My observations of the use by farmers in Mancherdn Grande of the center-pivot 
sprinkler systems in lieu of terraces to control the flow of irrigation water across a 
sloping field has also piqued my interest in the potential of export vegetables for 
contributing to land degradation in the Guatemalan. Several studies have been 
conducted to date on the effects that these so-called "non-traditional export crops" 
have on the highland environment due to excessive pesticide use (von Braun et al. 
1989; AVANCSO 1994). Although these studies have mentioned potentials for soil 
erosion associated with the production of nontraditionals, no systematic studies 
have been conducted on this topic. Given the fact that non-traditionals have been 
heavily promoted for their potential in alleviating the effects of minifundismo and lack 
of labor opportunities in the Guatemalan highlands (von Braun et al. 1989;
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AVANCSO 1994), the potential for degradation is great, especially if most 
fanners are using center-pivot irrigation systems in lieu of terracing. Related to 
this issue is that of whether there would be stable markets for farmers' crops if 
they were to engage more in producing crops for regional or international markets.
Another topic that bears on issues of land degradation and sediment losses is the 
effects that labor migration and other sources of off-farm systems may have on the 
amount of time that local farmers would have to devote to making field improvements 
that would serve to mitigate soil losses in their fields. Another topic that I would like 
to explore involves further studies on the use of l37Cs for monitoring soil losses and 
sediment movements in the Guatemalan highlands, and in other tropical regions.
8.5 Concluding Remarks
In conclusion, it is clear that a majority of farmers from Comalapa and 
Zaragoza, both Kaqchike! and ladino, are aware of the risks entailed in farming in this 
marginal environment As this study shows, their knowledge of soil management is 
rather sophisticated, being based on years of experience growing crops to help supply 
for their families' needs. Given the large responsibilities that are implicit in such a 
task, it is hardly surprising that this should be so. However, there still are 
development workers, politicians and other policymakers who claim otherwise, that 
farmers and farming systems in developing regions are primitive, perhaps based on 
the observation that their tools are as simple as a hoe, a machete and perhaps a plow 
and a team of oxen, if they are fortunate, and the land is not too steep. However, 
one could argue that the necessity of working with such primitive, "inefficient" 
tools would force a farmer to be good at making the most of the tools available 
to him. This is what Gene Wilken suggests in Good Farmers (1987).
What should also be clear is that, although farmers' understanding of the 
process may not appear to be as sophisticated as that of the agricultural extensionist or
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geographer trained in the scientific tradition at the outset, a more thorough 
examination of their perspective of their environment and of the hazards and 
opportunities that it affords them will show that it is the professional's lack of 
sophistication, not the farmers', that leads to this misconception. Thus, comments 
such as This soil is hot, so it is very productive" should not be dismissed as just 
another example of the quaint superstitions held by local peoples. Likewise, 
comments by farmers that they do not use such and such a conservation system 
because it "uses up too much land" or because they do not have any livestock should 
not be taken lightly, despite one's impression that such comments apparently have 
no connection to the subject matter soil fertility and/or soil conservation. While 
there are examples of beliefs that have no known function, or that had a function 
in the past yet still remain in the contemporary cultural milieu despite having only 
ceremonial function, there are many more that are found to have one. Often the 
true function is obscured by the researcher's biases, but can be discerned with a 
combination of diligence, serendipity and patience, both with oneself and with 
those who assist you. Perhaps this is truly the key to "righting what had been 
wrong". It is certainly the responsibility of the modem cultural ecologist, 
political ecologist and ethnoscientist to ensure that this advice is followed.
Furthermore, it is important for us to select the correct tools for bridging the 
divide between scientific and folk soil knowledge systems that Agrawal (1995) 
mentions in his article. Therefore I have suggested in these pages that we adopt the 
term "ethnoedaphology" in place of the currently used "ethnopedology", due to this 
scientific approach's greater similarity to folk soil classification systems that have the 
management of soils for crop production as their primary focus, rather than the nature 
of soils as natural bodies.2 Thus, perhaps we can better communicate with farmers
2 Although I do believe you could get the odd fanner to discuss the merits of soils as entities over a 
glass or two of aguardiente.
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concerning the topics of soil management and land degradation if we try to discuss 
them in terms of how ideas like "hot/cold" classification relate to general edaphic 
principles, to give the example that was discussed earlier.
Here I will conclude by quoting, and expanding on, Wilken's (1987)
concluding remarks, since his work has so greatly influenced my own. Wilken's
theme throughout Good Farmers, like the theme throughout this study, was that
traditional farmers in Latin America, like traditional farmers the world over, have
sophisticated ways of managing the tools and resources at their disposal. Yet,
Most of this technology remains unknown outside local areas. There is much to 
be learned about how these practices work. Fortunately, among the millions of 
traditional fields and farmers, there are many classrooms, many teachers. 
(Wilken 1987:271)
However, these teachers will not always come to us. Indeed, many of them have 
come to believe that their knowledge is of no use to the outside world. It is 
therefore up to us to convince them that we are interested in what they have to say.
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APPENDIX A.l 
INTERVIEWEES, LOCATION AND INTERVIEW DATES
Kaqchikel Communities
Comalapa:
Fro 11/19/96
PP 12/4/96
Axo 9/11/96 (actually works land in Panul)
Pachitur:
Syo 11/19/%; 11/20/%; 11/27/%
Myb 12/12/%
Pyr 3/5/%
Pamumus:
Sgo 12/3/%; lost tape, reinterviewed on 2/9/97
Epp 12/4/%
Dpp 12/20/%; 2/3/97
GC 6/2/%, and various conversations throughout the course of the fieldwork
Paquixfc:
Jpe&Cpe 11/14/%; Jpe U/23/%
Die 11/15/%
Jgx 12-18%
Csi 12-21-%
Fgx 2-21-97; 3-4-97
Ladino Communities
Las Colmenas:
Eaj 11-20-%
Pea 2-15-97; 3-8-97
Jlu 2-18-97
Jos6 2-23-97
Nino 11/26/%
Los Chilares:
Mgyg 11-30-%
Csp 1/11/97
Cgp 1-18-97; 2-20-97
Mgu 1-20-97
Rfi 2-5-97
Mancherln Grande:
Ssu; 12-20-%
Las Lomas:
Cca 4/13/%
Mjm 3/7196
Clc 3/7/%
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APPENDIX A.2 
FIELD ASSISTANTS FOR FOLK TAXONOMIES
Kaqchikel Communities 
Pachitur
Syo 11/20/96; 4/10/97; 6/26/97
Pamumus
Epp 12/4/%
Dpp 4/28/%; 5/3/%; 5/12/%; 6/6/4/%
Sgo 12/22/%
Paquixfc
Jgx 1/24/97; 1/31/97; 3/4/97; 3/20/97
CMa 10/30/%
JMa 5/2/97
EmMa 5/2/97
Ladino Communities 
Chirinjuyu
Clc 10/23/%; 3/12/97
(3oliti®n&s
Jlu 3/13/97; 3/22/97; 4/2/97; 4/9/07; 4/24/97; 5/7/97; 6/3/97
Eaj 6/18/97
Los Chilares
Mgu 10/24/%
Clc 10/24/%
Ma 10/24/%
Las Lomas
Clc 10/24/%; 3/17/97; 3/31/97
Additional Information From Semi-Structured Interviews
Comalapa
Fro 11/19/%
Paquixfc
Jpe 11/23/%
Jgx 12/18/%
Die 11/15/%
Las Colmenas
Pea 3/8/97
Jos£ 2/23/97
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Los Chilares
Csi 1/11/97
Cgp 1/18/97; 1/25/97
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APPENDIX B.l 
SURVEY QUESTIONNAIRES: ENGLISH VERSION
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1 2 J 4 5 6 7 S 9
A Idea M u a id p ln S a o Edad Tenencia EdacncMa fcaSNIo llljo n HUas
(W rite in W hich 
Village the 
interview took 
place)
(W rite the 
m unicipio where the 
village is  located)
(Sex o f  the 
interview ee) How old are  you?
i l lo w  m any years 
have you lived in th is 
village?
W hat level o f  school 
did you attend to?
How m any m em bers 
in your family, 
including you and 
your wife?
How m any o f  
your sons live 
w ith you?
How many of 
your daughters 
live w ith you?
I. M ale 
| p  2. Fem ale
| 1 . 1-3 Primary 
1 2. 4 -6  Primary
%S. 1-3 Secondary 
1 4 .4 -6  Secondary 
J 5 .  University 
j | | 6 .  O ther (Explain)
fwlm
msmimmsS
I* II 12 14 15 16 17 IS
Ethaldty Langnage Prhiciple Lan Prfcoary Werfc  ■ «■> -scvom wore Main lace To Work fhm W oik
W hich ethnic groap 
d o  yon identify 
with m ost?
W hat languages d o  
you speak?
W hat language do  
y a ll  speak at 
hom e?
W hat religion do  
you practice?
W hat type o f  work do 
you dedicate the m ost 
tim e over the course 
o f  a  full yeat?
W hat else d o  you do 
to  provide for family 
necessities?
<al respuesto)
O f all types o f  w o t i  
that m em bers o f  your 
fam ily perform, 
which provides m ost 
of the m oney for 
family expenses?
At what tim e do 
you usually leave 
to  work in the 
fields?
At w hat time do 
you usually leave 
work in your 
fields?
1. Indigene
2. Ladino
3. M estizo
4. O ther (Explain)
1. Spanish Only 
2 Kaqchikel and 
Spanish
3. Kaqchikel Only
4. O ther (Explain)
1. Spanish
2. Kaqchikel
3. O ther (Explain)
1. Catholicism
2. Evangelism
3. M ennonite 
4 O ther 
(Explain)
1. Agriculture
2. liv es to ck
3. Business
4  Agricultural labor
5. Salaried work 
(stale)
6. Salaried labor 
(private sector)
7. O ther (Explain)
1. Agriculture
2. liv esto ck
3. Business
4. Agricultural labor
5. Salaried work 
(slate)
6. Salaried labor 
(private sector)
7. O ther (Explain)
1. Agriculture
2. liv esto ck
3. Business
4. Agricultural labor
5. Salaried work 
(state)
6. Salaried labor 
(private sector)
7. O ther (Explain)
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19 21 22 23 24 25
Exprricada T e a e a c ia
H ow  m any years 
have you worked 
oo your ow n as  a 
fanner?
W as there ever a  time 
w hen you stopped 
fanning, fo r o ver a 
year?
I . Y es (to 22) 
2. N o (to  23)
Alqalada CuMlvado
How many years 
d id you stop 
w orking in 
agriculture? 
(go to  22)
H ow  many 
c u e rd aso f land 
do  you ow n?
“ T T *  I How many
cu e rd asd o y o u  rent from  som eone ^
29
(If  the am ount 
given here is  the 
sam e a s  for 
answ ers 22 and 23 
com bined, g o  to  
question 26)
33
SI hay dtfereacta
(If the quantity given for 
#24 is greater than the 
com bined total given for 
questions 22 and 23)
W hy is  the am ount o f  
land that you cultivate 
m ore than you own 
and/or rent?
34
26__________
L ocation  A  T ra v e l Th
27
Is all o f  the land 
that you farm  in 
one place?
Yes
H ow  m uch time, 
m ore o r  less, does 
it take you to  get 
to  your land?
1. Y es (to  27)
2. N o (to 28)
35
N n N o Slope Gradient LIVESTOCK
H ow  m uch tim e, 
m ore o r  less, does 
it take to  get to  the 
piece o f  land 
closest to  your 
house?
H ow  m uch tim e, 
m ore o r  less, d o es  it 
take to  get to  the 
piece o f  laad farthest 
from  your bouse?
W hich o f  these 
photos looks the 
m ost like the 
inclination o f  m ost 
o f  the land that you 
farm ?
How many 
cow s/calves do 
you have?
How m any horses 
do  you have?
Level
(0-10%)
( 10-20%)
(20-30% )
(30-40% )
(40% -50% )
(>50% )
H ow  m any pigs do 
you have?
H ow m any goats do you 
have?
How many 
sheep do  you 
have?
H ow  many fowls 
d o  you have?
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37 1
38 39 48 41 42 43 44 45
W kal crops did 
you plant last 
year?
Planted How many cucrdas d id you cultivate?
W hy did you 
plant th is  crop?
W here d o  you sell 
the product? 
( a l  answ er)
W hat type o f  transport 
d id  you use to  get 
your product to 
m arket? ( a l  
answ er)
W ho helps you 
w ith the 
cultivation o f  
th is crop?
W here d o  you get 
the seeds to  plant 
th is  crop?
W hen do you 
prepare the 
land to  plant 
th is crop? 
(2 I answ er)
Did you  use traditional 
labor exchange systems 
(day fo r day, o r labor 
patty ) fo r any part o f  the 
cultivation o f  th is crop?
1. C ora
1. Y es
2. No
consum ption
consum ption.
1. Com alapa
2. Chim al
3. Guale
4. Com pany (nafl)
5. Com pany 
(private)
6. Contract
7. M iddlemen
8. O ther (Explain)
1. Hum an
2. Beast o f  burden 
3 Bus
4. T ruck (paid)
5. Y our own vehicle
6. O ther (Explain)
1. Fam ily
2. Hired labor
3. Fam ily & 
hired labor
4. Fam ily & 
relatives
5. O ther 
(Explain)
1. Buys
2. From  own 
harvest
3. O ther (Explain)
1. January
2. February 
3 March
4. April
5. May 
6-11. J-N 
12. Dec
1. Yes
2. N o
2. Beans
3. Squash
4. coffee
5. fra ils
--------------------
----------------
6. tom atoes
7. potatoes --------------
8. fava beans
9. w heat --------------- --------------------
10. broccoli
I I .  snow peas
--------------- -------- -------
12. O ther 
(F.splain)
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46 47 48 49 50 51 52 53
Crop R a ta tiew Yes No O ther F d o u h g Yes Yes Yes
D o you change crops 
that you plant in the 
sam e plot (crop 
rotation)?
W hy d o  you rotate crops? 
(G o to  30)
W hy do  you not rotate 
crops?
W hv d o  you ?
D o you leave a  
plot uncultivated, 
after cultivating it 
for several years?
W hy d o  you fallow 
the land? 
(Continue with 52)
H ow  m any years do  you 
fallow? 
(Continue with 53)
A fter how 
m any years 
o f
cultivation? 
(G o to  55)
1. Y es (Continue w ilt 
47)
2. N o (G o to  48)
3. O ther-Explain (go 
to  49)
1. Y es (Continue 
with 51)
2. N o (G o to  54)
, y/v '<■/' * ///-
'»} «
ifrmmIfcy-i *p!>
54 55 56 | 57 58 59 60
R eM tt M a u fc ac a t
W hy d o  you not 
fallow  your land?
W hat d o  you do  with crop 
residues from  the prior 
year, w hen you prepare 
your land for planting?
W hy d o  you bunt the 
residues before planting? 
(2 l answ er) (G o to  61)
W hy d o  you bury the 
residues before 
planting? 
(Continue with 58)
H ow  long ago did 
you start burying 
residues? 
(Continue with 59)
W ho taught you to  
bury crop residues, 
instead o f  burning 
them ? (G o to  61)
How d o  you decide 
w hether o r  not to  burn the 
residues? 
(Continue with 61)
1. Because there isn't 
enough land
2. B ecause it i s a t  
necessary with 
chem ical fertilizers
3. O ther (Explain)
1. B urns them  (Continue 
with 56)
2. B uries them  (Go to  57)
3. Som etim es burns them, 
som etim es buries them  
(G o to  60)
4. O ther (Explain)
1. T o  avoid problem s 
w ith gallina ciega (white 
lly  gnib)
2. D ocs not have lim e to  
bury the residues
1. T o  m aintain soil<■*> i M t i p f2. T o  protect against 
erosion
3. G allina ciega 
doesn 't bother the
crop as much when M p p l i p f e i l  
you bury residues
1. Fanner’s father
2. Fanner's 
grandfather 3. 
Farm er's own 
initiative
4. A gronom ists
5. Saw  it in another 
village
1 D epends on  the crop 
being planted 2 
D epends if one has tim e 
to  bury the residues 
3 D epends on w hether 
the terrain is gentle o r 
steep
*' ' -  V / / , 3. Because it is  harder to  cultivate w hen one buries the residues 4  
O ther (Explain)
4. It m akes the soil 
easier to  till
5. O ther (Explain)
, ' ' |f|6. Farm er w as taught 
x p§ in o ther village 
'  ™|7. From farm er’s 
' feg neighbors
8. O ther (Explain)
4. D epends on w hether or 
not there is a  lot o f  gallina 
ciega present
5. O tro  E
1 l 1 1
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62 * 5 "  ! '  ' *  ... a -------  S "  1 67 9 "
N A TU R A L FtU T IL IZ E R S
1 li L I r i Yes No la m p e d  F h Forest U tte r Charcqne Yet Yes-Bary?
Do you use natural fertilizers 
on your land?
Why do you use natural 
fertilizers on your lands? 
U l  answer)
Why don? you use 
natural fertilizers on your 
land?(2l answer)
Do you build a compost 
pile to make (true) 
compost?
Do you use forest 
litter on your 
crops?
Do you plant choreque 
ia your milpa?
Why do you plant 
choreque? (2 l answer) 
(Continue with 68)
Do you inter 
the choreque 
residues?
1. Yes (Continue with 62)
2. No (G oto  63)
1. Because it maintains soil 
fertility
2. Because the crop 
produces well with natural 
fertilizer
3. Because, if you use only 
chemicals, the soil becomes 
impoverished
1. Because farmer 
doesn? have animals
2. Because fanner 
doesn? know bow to 
orepare compost
3. Because compost 
attracts gallina ciega
4. Doesn? have time
1 Yes
2. No
1. Yes
2. No
1. Yes (Continue with 
67)
2. No (Go to 70)
1. Because it is good 
forage for my animals
2. Because it is a good 
green manure
3. Other (Explain)
1 Yes 
(Continue 
with 69)
2. No (Go to 
71)
4. Because the soil remains 
easily workable with natural 
fertilizers
5. Became the farmer 
doesn? have money to hay 
chemical fertilizers
6. Other (Explain)
5. Because compost 
requires a  lot o f work to 
prepare
6 Other (Explain)
'iMmMmMMSm
MwMWmvmM mmW m m
Ifn i
69 7* it h 73 74 75
CH EM ICA L FER TILIZERS
YES NO A p u k r u t r a lU w Yes Yes Yes C h n a tra l n .  N s tm a l
Wberc did you learn to use 
choreque in that manner? (Go 
to 71)
Why do you not plant 
choreque? (21 answer)
Do you use chemical 
fertilizers on your crops?
How many 
hundredweights of 
chemical fertilizer
When did you 
begin to use
How many 
hundredweights did you 
use per
n  men m ie n r r r o r  
maintaining soil 
fertility, natural or 
chemical
1. From farmer's father
2. From fanner’s grandfather
3. Farmer's own experience
4. From agronomists
5. Saw it growing in another 
village
6. They taught it to farmer in 
another village
7. Other (Explain)
1. Fanner has no animals
2. Farmer does not know 
how to grow/plant choreque
1. Yes (Continue with 
72)
2 No (Go to 75)
do you use for each 
cuerdaof milpa during 
an entire cultivation 
cycle?
chemical fertilizers 
on your crops
cuerda o f milpa during 
an entire agricultural 
cycle
fertilizers?
3. Choreque docs not grow 
here
4. Cannot find seeds
5. Other (Explain)
wmmmsmm when you began to use 
chemical fertilizers on 
your milpa?
1. Chemical fertilizer
2. Natural fertilizer
3. It is better to use both 
to maintain soil fertility
4. Other (Explain)
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SO IL  ERO SIO N
T c m c e s
S O IL  CON SERV A TIO N Sf
1— iiiW ile P ra M eaa L M f T e m  Prab itaas Yea N# la f lk ra t ia a  DH ctes
W hat pro Me ms docs Ike 
ra il  caase, wkea it raias 
veiy hard? (21 answer)
If Ikis occars for maay 
years, kow docs il affect 
Ike soil? (2 l aaswer)
Have yoa coastracted terraces 
oa yoar laad?
Wky did yoa bsild 
terraces oa yoar laad?
(2 l aaswer)
Why haven't yoa 
coastracted terraces oa y o u  
laad? (2 l aaswer)
),Have yoa baih  ditches or 
accqaias that follow Ike 
coaloar o f tke laad?
Why did yoa baild 
that type o f aceqaia 
(irrigation ditch? 
(2 l aaswer)
1. It washes Ike soil away
2. It w astes tkc small 
plaals away
3. Ii breaks Ike sarcos 
(coaloar ridges)
1. Il k a sa o  effect oa Ike 
soil
2. It makes Ike soil poor
3. Il makes Ike soil kard
1. Yes
2 No
1. Becaasc terraces are 
easier to cahivale
2. Bccaase terraces don't 
allow tke soil to wash 
away
3. Bccaase terraces 
improve the soil
1. Bccaase terraces take a 
lot of time to baild aad 
maiataia
2. Becaase terraces take a 
lot o f laad oat o f cahivatioa
3. Becaasc farmer does aoi 
kaow kow to
1. Yes (C on tuse  with 78)
2. No (Go to 79)
1 ''' / * '  H
'  ,  '  '  /' wk
1. So the water won't 
raa off a s  mack
2. To protect the soil 
against cro6ioa
3. O tte r (Explaia) 
(Go to  80)
■ B I B
4. h  makes rills/gallics oa 
Ite  laad
5. It does aoi caase aay
proMema
6. O tte r  (Explain)
4. Il leaves oaly Ike 
sabsoil
5. O tte r (Eaplaia)
4. Bccaase terraces make 
it easier to irrigate
5. O tte r (Explaia)
baild terraces
4. Becaasc, t te a , the 
sabsoil is oa lop. which 
makes the soil poor
5. Other (Explaia)
13 14 u ■4 •V aa •9
No G n a a  S trips Yea No
Wky haven't yoa bail! Ibal 
typcofditck?
( i t  aaswer)
Have yoa plaalcd zacalda 
a lo af tke coaloar (live
harriers)?
Why did yoa plaat those live 
karriere?
(2 l aaswer)
Why kaveal yoa plaated 
live barriers?
(2 l aaswer)
Do yoa thiak that soil 
ciosioa (wkea the water 
w astes away tkc soil) c a t  
be a big problem for crops?
What do yoa do to keep the 
water from washiag away 
tke soil, wkea it raias bard?
Do yoa tk iak thatis 
suffrcieat, even wkea 
it raias very hard?
1. Does sol kaow wkat oae 
woald asc that type of 
aceqaia for
2. Docs lo t  kave lime to do 
tkai type o f thing
3. It takes a  lot o f work
1. Y cs(C oa tiasew ith 81)
2. No (Go to 82)
t
^  s ;  11
1. Bccaase ttey  do  aoi allow 
the water to raa off as mack
2. Bccaase ttey  do sol allow 
I te  water to wash Ike soil
,w iy
1. Bccaase it is a lot of 
work
2. Doesn't kave tke time
3. Becaase it takes a  lot 
of laad oat o f cahivatioa
1 Yes
2 No
1. C onstricts coaloar ridges
2. C o n trac ts  well-levelled 
coatoar ridges.
3. Leaves cornstalks ia the 
farrows between coatoar 
ridges 1. Yes
2. No
4. T te y  lake a lot of laad 
oat o f cahivatioa
5. Other (Explaia)
3. Bccaase /scat6a is good 
forage for Ike aaimats
4. O tter (Explaia)
4. Becaase zacalda ases 
too maay soil aatricats 
3. Becaase zacalda 
shades the crop 
6. O tte r  (Explaia)
Otker (E a p lf t )
1 1 1 1
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Q utftty
Ilow  m a y  
c acid as o f  b ad  
do yoa kave ia 
fo res t woods?
91 H
F<
92
l a n r t i m
Do yoa thick il 
is impoitaal lo 
protect tke 
forests?
Wky is it impoitaat to  
protect forests?
(2 l aaswer)
(Go to 87)
1. Yes
(Coatiaae witk
85)
2. No (G o to
86)
93
_N*_
Wky do yoa 
tkiak it isa l 
import aal to 
protect tke 
forests?
WNfcAcrsMMisb
iH ow  maay times 
kave yoa spokes to 
agroaom isu, or 
a |r icak a ia l 
technicians, ia tkc last 
five years?
W itkoat forest. Ike 
raias will stop
2. Witkoat forests.
Ik ere is ao  firewood
3. W itkoat forests, 
tkere is ao lim ber to 
baild koases
4. Bccaase forests 
fertilize Ike soil
5. Becaase forests 
keep tke water from 
washing tke soil away
6. S o tk a to arck ild re i 
will kave wood ia Ike
ifa tare
7. Otker tEselaia)
100. Bared oa yoar experience, wkat are tke biggest problems ia agricahare today?
95
Caatacts
Abeat Capoctbtbna
Wkat kave 
tkey talked to 
yoa aboat?
Have yoa encoded 
wtitfcskops, or field days, 
wkcre tkey taagkt 
metkods of improviag 
crop prodactioa?
97
Wkat did yoa 
le a n  aboat ia 
tkose 
workshops/field
days?
98
Otraa Rrgbaca
i lb v e  yon visited 
other regioas where 
the agricaltaral 
traditioas are 
differeat from here?
Have yoa tried 
some o f tke 
methods that 
yoa've se c t ia 
tkose places?
1. Steeply slopieg b ad
2. Lack o f water for inigalioa
3. Soil loss ia steep lenaias wkea it raias really bard
4. The soil is infertile [ ---------
5. There is ao market for oar crops
6. There is ao reliable traasport to u k e  oar prod acts to market.
7. Crop pests aad diseases
----------8. There isa l  b a d  to farm
9. I.abor shortages
10. There is a l  aay credit, a id  tke iaterest is too high.
11. Lack of agricaltaral edacatioa for the ratal people
m m mmm
fmm
I. Yes I Yes
2. No2. No
mmm
12. Lack o f  knowledge of *ew crops
13. No help from » e  fovenm eBt
14. Lack o f leck iic tl asststuce
15. Lack o f ecoAonnc assistaace
In. A fhcaltara) caenucals are too expensive
17. Otker (Explaia)
APPENDIX B.2 
SURVEY QUESTIONNAIRES: SPANISH VERSION
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1 2 3 4 5 6 7 S 9
A ld e a M u k l p t o S e x o E d a d T e a e a c l a E d a c a c k S a f e n S l t i o H IJo s H l j a s
(Kscriha cn 
qu£ aldca hizo 
la entrevista)
(Hscriha en qu£ 
municipio estfi 
ubicada la 
aldca)
(Sexo del/de la 
corrcspondicnte ) /.Cuanlos anos liene usted? iCuanlos anos lienc de vivir en csta aldea? <,Hasta qu6 ano Ilcg6 en la escuela? r.C’uantas personas entegran su familia?
^Cuantos de 
sus hijos 
viven con 
usted?
^Cuantasde 
sus hijas 
viven con 
usted?
■ ■
JIMHImmm1. Masculino
2. Feminine
mmmmpm
mBSm
1. 1-3 ftim aria
2 .4 -6  Primaria 
3. 1-3 Sccoadaria
4 .4 -6  Secondaria
5. Univeisidad
6. O lio  E
m  *c/Mi;
/ j- * r a
'  '  'S
-  / ,  Iiljfel#!■
10 ii 12 13 14 15 15 17 IS
Etalcldad Id iom s Id io m  Prlac ReMgkSa Tiabajo Principal TrabaJoSegaado Faeate de lagreso A trabajar O etrabajar
l.Adcmdsde r,De todos los tipos dc trahajo qu6 haccn 
micmbros de su 
familia, cual provee la 
mayorfa del dincro 
para los gastos de la 
familia ?
i, A qu6 hora, 
m£s6 
menos, sale 
para trahajar 
en sus 
cultivos?
^Conqud 
grupo Itnico 
sc identifica 
usled?
r,Qu(5 idiomas 
habla usted?
z,Qu6 idioma 
haWan m& en 
lacasa?
/,Qu^ religidn 
prdctica usted?
<,Durante un ano 
complelo. d qu£ tipo de 
trahajo dedica usted 
m&s tiempo?
qu£ otro tipo dc 
trahajo hace usted 
para proveer para los 
gaslosdelafamilia? 
(2 l respuesto)
(A qu6hora 
dcja trahajar 
en sus 
cultivos?
1. Indigene
2. Ladino
3. O t io E _____
1. Sdto EspaAol 
2 Kaqchikel y 
EspaSol
3. S6k> Kaqchikel
4. O lio  E _____
1. EspaAol
2 Kaqchikel
3  O t to E ____
1. Caldlictsmo
2. Evangelismo
3. O u o  E ____
1. Agriculture
2. Ganaderfa
3. Comercio
4. Trahajo pagado(agric)
5. Tiabajo pagado (estado)
6. Tiabajo pagado 
(privado)
7. O lio  E
1. Agriculture
2. Ganaderfa
3. Comercio
4. Tiabajo pagado (agric)
5. Trahajo pagado 
(estado) 6. T iabajo 
pagado (privado)
7. O tro E
1. Agriculture
2. Ganaderfa
3. Comercio
4. Tiabajo pagado (agric)5. Trahajo pagado (estado)
6. Trabajo pagado 
(privado)
7. OtroFi
l f §fmiSmM 
..................... ' ........................
✓ '  !!
■a' i
Bmsis
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37 | 38 39 40 41 42 | 43 44
^ E n  q u d  m e s  
s e  p r c p a ra  la  
t ie r ra  p a r a  
s e m b ra r?  
( a l  re s p u e s ta )
45
c u l t iv o s  
s e m b r6  u s te d  
e l  a f to  
p a s a d o ?
S e m b r6
{ .C u an tas
c u e r d a s
c u l l iv d
u s te d ?
^ P o r  q u 6  
s c m b rd  u s le d ?
D o n d e  v e n d e  e l 
p ro d u c to  u s te d ?  
( a l  re sp u e s lo )
lQu& c la s e  d e  
i ra n s p o r te  u t i l i /6  
u s te d  p a r a  l le v a r  
s u s  p ro d u c to s  al 
m e rc a d o ?
( a l  re sp u e s to )
1. Humano
2. Beslia
3. Camioneta
4. P ag afk te  
S S uprop io  
vchlculo
6. O lio  E
{ .Q u ien cs l e  
a y u d a n  p a ra  
c u l t iv a r ?
(,D o n d e  
c o n s ig u e  u s te d  
s e m il la s  p a ra  
s c m b ra r?
i . l ' t i l i z d  u s te d  la  c o s tu m b re  
d c  p a  ru q 'u c h  q 'i j .  6  
K u c h u b 'a l  e n  s u s  c u l t iv o s , 6 
s e a  q u e  u n a  p e r s o n a  lo s  
a y u d a  y  d c s p u £ s  u s te d c s  le  
r e p o n e n  cl t r a b a jo ?
1. mafz
1. Si 
2 No
Comida para 
WMmMM •* h m ilia  
■imrnmi. v e n u
llsofam iliar.
| | | | j | | |  y vcot^
1. Comal apa 
2 Chimal
3. Guate
4. Empresa (nac)
5. Empresa 
(privada)
6. Porcoalrato
7. Regatoacs
8. O lro E
1. familiares
2. mozos
3. familiares y 
mozos
4. familiares 
y parientes
5. O tioH
1. E ascom pra
2. De su cosccha
3. O tro I-
1. line to
2. Febrero
3. Marzo 
4  Abril 
3. Mayo 
6-11. J-N 
12. Die
1 S(
2 No
----------------------------- --------------------
2. fiijot
--------------------- -----------------------------
3. guicoy
4. caft
---------------------------- -------------------------
_______
5. fnitas
---------------------------------
6. tom  ate
-------------------- -----------------
7. papas
---------------- ------------------- --------------
8. habas
9. trigo
---------
----------------
------------------- --------------------
-------------- ----------------- ----------------
10 brdcoli
---------------------------------
11. arveja china 
IT  CXro E
-------- ---------- -------------------- -------------------
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&K>
K oU ctta d t CuiUvos
D o  you  change 
c rops that you plant 
in  the sam e plot 
(crop  ro tation)?
1. Yes (Continue with
47) 2
No (Go to 48)
3. Otbcr-Explaui(goto 
49)
47
W hy d o  you rotate 
cro p s?  (G o  to  50)
54
W hy d o  you not 
fallow  your land?
1 Because there isal 
enough had
2. Became it ia tl  
necessity with chemical 
fcrtilizcre
3. Other (Explain)
W hat d o  you d o  w ith 
crop residues from 
th e  prior year, w hen 
you prepare your land 
fo r p lan ting?
1. Bums them (Continue 
with 36)
2. Buries then  (Go to 57)
3. Sometimes bums 
them, some times buries 
them (Go to 60)
4. Other (Explain)
48
N o "
W hy d o  you not 
ro tate c rops?
W hy d o  you?
MANEJO DE R ASTROJOS
W hy d o  you b u m  the 
residues before 
p lan ting?
(2 1 answer) (Go
to  61)
1. To maintain soil 
fertility
2. To protect agrinsl:
I. To avoid problems 
with gallina ciega (while 
flygtub)
2 Does not have time to 
y  the residues 
J  Because it isK iJe rio  
cultivate when one buries 
the resHfcies 4.
Other (Explain)
W hy d o  you bury 
the residues 
before p lanting? 
(Continue with 
58)
so
DcscaasoHerm
Do you leave a plot 
uncultivated, after 
cu ltiva ting  it for 
several years?
I. Yes(Continue with 
51) 2
Mo (Go to 54)
iio w  long  ag o  did 
you sta rt burying 
residues? 
(C ontinue w ith  59)
SI
~  S f
W hy d o  you 
fallow  the land? 
(C ontinue w ith 
52)
S2
sT
H ow  m any years do  
you fallow ? 
(C ontinue w ith  53)
mmmm.
I f l g f 8
W ho taught you 
to  bury c rop  
residues, instead  
o f  burn ing  them ? 
(G o  to  61)
3. Gallina ciega 
doesnl bother the 
crap as much when 
you bwy residues
4. Il makes the sod 
icrlotin
5. Other (Explain)
1. Fareaei'sfather
2. Fanner's
grandfather
3. Fanner's own 
initiative 4.
Agronomists 5.
Saw it in another
illeg ___________
Fanner was taught 
in odwr village 
7. From farmer's 
neighbors 8.
Other (Explain)
S3
si
A fter how  m any 
y ears o f 
cu ltivation? (G o 
to  55)
60
H ow  d o  yo u  decide 
w hether o r  no t to  
b um  the residues? 
(C ontinue w ith  61)
I. Depends on the crop 
being planted
2 Depends it  one has 
time to bu y  the residues 
3. Depends on whether 
the tcm in is gentle or 
sleep
Depends an whether or 
not there is a lot of gaUiiu 
cicga present 5
Otro E _____
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<1 62 63 | 64 65 66 67
A B O N O S  N A T U R A L E S
A b o n o  C r to ilo 81 No U a o d e  A b o n e ra U a o d e  B ro z a U a o d e  C h o re q u e Sf
i,O tiliza  usted 
a b o ro  c rio llo  en 
sus terrenos?
iPOr qu£ dtiliza abooo 
criollo en sus lencaos? 
( i l  respuesto)
<,Por qu4 oo O ilia  abooo 
criollo en sus Im a w i?  
( i l  rcspucsio)
r,C onslruye usled  
u n a  ab o n era  p ara  
h a te r  ab o n o  crio llo ?
iU s a  usted  
b ro za  en  sus 
cu ltiv o s?
^S iem bra  usted 
cho req u e  en  su  m ilpa?
(.Por quC siembra usted 
choreque? ( i l  
respuesto)
1. S( (sign coo 58)
2. N o(riga659)
w Sm m m .
1. Porque aau ico e  la 
fu c ra  d e ls  tierra
2. Porque sc safe bonk) 
cl producto coo abooo 
criollo
3. t a ^ K ,  si s6lo M l ia  
d  qufmico, sc poue pobte 
Is i a n
1. Porque no tienc 
aoi males
2. Porque no sabe otSmo 
prcpasr d  abooo criollo
3. Porque d  sbooo cnollo 
junta la  gallina ciega
4. Porque no acne Uempo
1 SI 
2. No
m m m m
l | 8 | B B |
f i
1 SI
2. No
1. SI (aiga con 63)
2. N o(siga664)
1. Porque es buen pasto p an  
los animates
2. Potquc es burn abona la 
tierra
3. O troE _____
(n g a l6 5 )
4 . Porque la b c m  queda 
suave coa r io so  criollo
5. Porque no bene diocro 
p an  compear d  abooo 
qufmico
6. OUo E
70
S. Porqueesnradio
trabapi prcpvar d  abooo
criollo
S. Otro E
1,1 ' 11--------------
ABONOS Q l i n a c o s
S f - i E n U e r m ? Sf I  s o  d e  Q n f a ie o a SI SI SI Qulmlco c e n tra  CHollo
^E n tierra  usled  los 
raslro jos del 
ch o req u e?
^.Dondc q so d M  6 iltjlizai 
choreque en csa mauen?
r,l'itiliza u sled  ab o n o  
q u fm ico  para  sus 
cu ltiv o s?
^ C u in lo s  qu in ta les
d e  abo n o  qufm ico  
e ch a  usled  por cad a
effa ce  cu an tos 
ah  o s  c m p e z 6 6  
u sa r  abo n o  
q u fm ico  en  sus
7v.u4ino3 quintal c s  u c  
ab o n o  q u fm ico  ech 6  
usled  p o r cu erd a  de  
m ilpa  d esd e  la  siem bra, 
has la  la
r.C u il es el m e jo r  ab o n o  
para  m an tener la  fuerza 
d e  la  tierra, ab o n o  crio llo , 
6  abono  qufm ico?
1. SI
2 No
1. De su papt
2. De su dtuclo
3. De sus rccinos
4. Dc los agrtinomos
5. \jo observe) en otro 
pueblo
>  Se lo cnseAarou en otrr 
pueblo
7. O tro E _____
1. SI (sa| 
2 No (a
M
MSmm
a  con 68) 
ga<71)
wmmmmv/.v/.y,Cxv//AyAv/.'.v
m n v
MiHp
cu c rd a  dc  m ilpa, 
d esd e  la  siem bra, 
has ta  la  co sech a?
23 
M
K
I
P
ill
lilsH
cosecha, cu an d o  
em pezri & u sa r el 
qufm ico  en  su  m ilpa?
W *
0 ' , ft ''V /
1. Abono qufmico
2. Abooo crioUo
3. Es nxqor dtilizar ambns 
para m ntenet la fuerza dc la 
tierra 4. 
O troE__
r i 
• " ' ' - i
1 1 1
8 =
5 « a S* M-  s
g  (Q Ofl # >"S §.*« ^ ea
3  c 
-i I 3 oI  I $  5 (9 s
f S  8 .  t
81 §>« 8 " «J
3 ? |  ® 
8 »  I  g
U
HI
8 ■ J-® J
humn
.siii Jiii
- i l  S r i ’S  £ U  & l
s-i
H i
— n  &m - J L
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£
99 91 | 91
B O S Q U E S
C anttdad Irnpartaacta SI
/.O ia n ta s  
cu e rd a s  d e  
te r re n o tie n e  
u sted  e n  
b asq u e ?
/.C rec  u sted  
q u £  e s  
im p o rtan te  
cu id a r  los 
b o sq u e s?
<,Porqud e s  
im p o rtan te  cu id a r  
& lo s  b o sq u es?  
( 2 l  resp tiesta) 
(v ay a  k 8 7 )
93
_ N a ____
PorquC c re c  
u s te d  q u c  n o  es  
im p o rtan te  
cu id a r  6  lo s  
b o sq u e s?
Coa AgnSnomos
^ C u an tas  v eces  h a  
h ab lad o  usted  c o n  
agriSnom os, 6  
t& n ic o s  ag rico las, 
d u ran te  lo s
95
Acercade
(,D e  qud  le  han  
h ab lad o ?
C O N T A C T O S
Capacitac tones
t H a  a s is tid o  a  un as 
cap ac itac io n es  d o n d c  
e a s e  ha b an  tlc n ic o s  
p a ra  m e jo ra r  la  
sie m b ra?
97
i,D c q u d
aprendiden
esas
cap ac itac io n es
9
O t r a s  R e g im e s
,ITa v is lta d o  u s te d  k 
o tro s  reg io n es 
d o n d e  su s 
trad ic io n es  de  
a g ric u ltu ra  son  
d ife ren te s?
^ H a p r o b a d o ' 
u sted  a lg u n as 
d e  la s  tdcnicas 
q u e  h a  v isto  
e n e s e s  
lugares?
1. SI ( s ip  coa
85)
2. No (vayi i
86)
1. Porque sin basque, 
se acabaria las Buviss
2. Poque sia basque, 
no bay Itfta
3. Porque sin basque, 
no hay madcra para 
coastrutTcasa
4. Porque los bosques 
aboaaa la tierra
5. Itotque los bosques 
aodejaaquela lluvia 
lleva la tierra
6. P an  que nuestros 
hqua lengnn kS a 6  
niaderaea el future
7. O lroE
u ltim o s c in c o  
aflos?mm
m wm.
WfflMWk
1. Tettcaoa laderos___________[________________
Falla deagaa para regar los tu llivos___________
3. El ptrdido dels tierra (cl suek>)tn terrenes Jaderos. cuando llutve recio
4. La tierta ya ao tie nr fuerza | __
5. No hay nxrcado p an  los cukivos
6. No luy transporte confiaMe para cargar los productos al mercado
7  Enfennedades  y ptigas de los cultivos __
8. No bay suticitale terteno para seminar_________
12 t aka de conocimienlo de nurvos cukivos
13. No hay ayuda del gobiemo 
14 No hay ayuda Ktnico_____
IS. No hay ayuda ecoodnica
16. Los quimiccs ya son muy caros.
17. O tro E _____
Cross Tabulations and Chi-Square Analysis
Comparing Landholding Size with the Use of Manure
Cross Tabulations
Landholding Size*
Use Manure 0 1 2 3 4 Total
No Count 0 25 12 3 6 46
Expected 0.7 17.9 11.9 6.6 8.9 46
Yes Count 2 29 24 17 21 93
Expected 1.3 36.1 24.1 13.4 18.1 93
Total 2 29 24 17 21 93
*tsxaf ca* l .f c » i l2 c a *  2; 12*x*18ca» 3 ;andx*18ca* 4
Chi-Square Tests
Value df
Asymp. Sigma 
(2-sided)
Pearson Chi-Square 9.64 4 0.047
Likelihood Ratio 10.58 4 0.032
Linear-by-Linear Association 5.575 1 0.018
N of Valid Cases 139
Cross Tabulations and Chi-Square Analysis 
Comparing Landholding Size with 
Large Livestock (Horses and Cattle) Ownership
Cross Tabulations
Landholding Size*
Own Livestock 0 1 2 3 4 Total
No Count 2 26 15 6 5 54
Expected 0.8 21 14 7.8 10.5 54
Yes Count 0 28 21 14 22 85
Expected 1.2 33 22 12.2 16.5 85
Total 2 54 36 20 27 139
Hsxatf ca* 1,6st*12 ca * 2; 12*x*l8 ca * 3; and xn!8 ca * 4
427
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Chi-Square Tests
Value dr
Asymp. Sigma 
(2-sided)
Pearson Chi-Square 10.591 4 0.032
Likelihood Ratio 11.726 4 0.02
Linear-by_Linear Association 9.077 1 0.003
N of Valid Cases 139
Cross Tabulations and Chi-Square Analysis Comparing 
Large Livestock (Horses and Cattle) Ownership with the 
Use of Manures
Cross Tabulations
Livestock Owned
Use M anure No Yes Total
No Count 27 19 46
Expected 17.9 28.1 54
Yes Count 27 66 93
Expected 36.1 56.9 93
Chi-Square Tests
Asymp. Sigma
Value dr (2-sided)
Pearson Chi-Square 11.399 i 0.001
Likelihood Ratio 11.298 i 0.001
Linear-by-Linear Association 11.317 i 0.001
N of Valid Cases 139
Cross Tabulations Comparing 
Landholding Size with the Use of Crop Rotations
Cross Tabulations
Landholding Size*
C rop Rotations 0 1 2 3 4 Total
No Count 2 39 25 14 14 94
Expected 1.4 36.5 24.3 13.5 18.3 94
Yes Count 0 14 9 6 13 42
Expected 0.6 16.3 10.9 6 8.2 42
Total 2 54 36 20 27 139
* ts u §  ca ■ 1, t e i l 2 c a * 2 ;  12sx*18 ca ■ 3; and xal8 ca «  4
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Cross Tabulations and Chi-Square Analysis
Comparing Ethnicity with the Use of Infiltration Ditches
Cross Tabulations
Use Ditches K*l Lad Total
No Count 47 38 85
Expected 48.3 36.7 85
Yes Count 32 22 54
Expected 30.7 23.3 54
Total 79 60 139
Chi-Square Tests
Value df
Asymp. Sigma 
(2-sided)
Pearson Chi-Square 0.212 1 0.645
Likelihood Ratio 0.212 1 0.645
Linear-by-Linear Association 0.21 1 0.647
N of Valid Cases 139
Cross Tabulations and Chi-Square Analysis 
Comparing Ethnicity with the Use of Contour Grass Strips
Cross Tabulation
ETHNICITY
Grass Strip Use Kaq Ladino
No Count 27 19 46
Expected 17.9 28.1 54
Yes Count 27 66 93
Expected 36.1 56.9 93
Total 54 85 139
Chi-Square Tests
Asymp. Sigma 
Value df (2-sided)
Pearson Chi-Square 1.603 1 0.205
Likelihood Ratio 1.603 1 0.206
Linear-by_Linear Association 1.592 1 0.207
N of Valid Cases 139
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Cross Tabulations and Chi-Square Analysis 
Comparing Ethnicity with the Use of 
Contour Grass Strips and/or Infiltration Ditches
Cross Tabulations
ETHNICITY
Grass Strip/Ditch Use Kaq Ladino
Neither Count 33 23 56
Expected 31.8 24.2 56
Ditch Not Count 14 7 21
Grass Strip Expected 11.9 9.1 21
Grass Strip Count 13 16 29
Not Ditch Expected 16.5 12.5 29
Both Count 19 14 33
Expected 18.8 14.2 33
Total 54 85 139
Chi-Square Tests
Value df
Asymp. Sigma 
(2-sided)
Pearson Chi-Square 2.639 3 0.451
Likelihood Ratio 2.64 3 0.451
Linear-by-Linear Association 0.341 I 0.207
N of Valid Cases 139
Cross Tabulations Comparing 
Ethnicity with the Use of Fallow
Cross Tabulations
ETHNICITY
Use of Fallow Kaq Ladino
No Count 68 47 115
Expected 65.4 49.6 115
Fallow Count 8 6 14
Expected 8 6 14
Fallow >1 year Count 0 2 2
Expected 1.1 0.9 29
Total 76 53 129
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Cross Tabulations Comparing
Ethnicity with the Use of Crop Rotations
Chi-Square Tests
ETHNICITY
C rop Rotations Kaq Ladino
No Count 51 43 94
Expected 53.4 40.6 94
Yes Count 27 15 42
Expected 23.9 18.1 42
Total 78 58 136
Cross Tabulations and Chi-Square Analysis 
Comparing Ethnicity with the Use of Manures
Cross Tabulations
ETHNICITY
Use of M anures Kaq Ladino
No Count 33 13 46
Expected 26.1 19.9 46
Yes Count 46 47 93
Expected 52.9 40.1 93
Total 79 60 139
Chi-Square Tests
Asymp. Sigma
Value d f (2-sided)
Pearson Chi-Square 6.226 1 0.013
Likelihood Ratio 6.398 1 0.011
Linear-by-Linear Association 6.398 1 0.011
N of Valid Cases 139
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Cross Tabulations and Chi-Square Analysis 
Comparing Ethnicity with Ownership of Large 
Livestock (Horses and Cattle)
Cross Tabulations
ETHNICITY
Own Livestock Kaq Ladino
No Count 36 18 54
Expected 30.7 23.3 54
Yes Count 43 42 85
Expected 48.3 42 85
Total 79 60 139
Chi-Square Tests
Value df
Asymp. Sigma 
(2-sided)
Pearson Chi-Square 3.48 1 0.062
Likelihood Ratio 3.523 1 0.061
Linear-by-Linear Association 3.455 1 0.063
N of Valid Cases 139
Cross Tabulations Comparing 
Ethnicity with the Ownership of Livestock (All)
Cross Tabulations
ETHNICITY
Own Livestock Kaq Ladino
No Count 20 2 22
Expected 12.5 9.5 22
Yes Count 59 58 117
Expected 66.5 50.5 117
Total 79 60 139
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Chi-Square Analysis Comparing
Ethnicity with the Ownership of Livestock (All)
Chi-Square Tests
Pearson Chi-Square 
Likelihood Ratio 
Lincar-by-Linear Association
N of Valid Cases
Value
12.37
14.498
12.281
139
d f
1
1
1
Asymp. Sigma 
(2-sided)
0
0
0
Cross Tabulations Comparing 
Ethnicity with Actions Concerning Crop Residues
Cross Tabulations
ETHNICITY
Own Livestock Kaq Ladino
Burns Count 13 19 32
Expected 18.1 13.9 32
Buries Count 50 25 75
Expected 42.4 32.6 75
Sometimes Burns, Count 15 12 27
Sometimes Buries Expected 15.3 11.7 27
Depends on Crop Count 0 4 4
Expected 2.3 1.7 4
Total 78 60 138
Chi-Square Analysis Comparing 
Ethnicity with Actions Concerning Crop Residues
Chi-Square Tests
Value d f
Asymp. Sigma 
(2-sided)
Pearson Chi-Square i 1.642 3 0.009
Likelihood Ratio 13.151 3 0.004
Linear-by-Linear Association 0.005 1 0.944
N of Valid Cases 139
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Cross Tabulations Comparing Ethnicity with 
Interactions with Agronomists or Ag-Technicians
Cross Tabulations
ETHNICITY
Own Livestock Kaq Ladino
No Count 58 53 111
Expected 63.1 47.9 28
Yes Count 21 7 28
Expected 15.9 12.1 28
Total 79 60 139
Chi-Square Analysis Comparing Ethnicity with 
Interactions with Agronomists or Ag-Technicians
Chi-Square Tests
Value df
Asymp. Sigma 
(2-sided)
Pearson Chi-Square 4.716 1 0.03
Likelihood Ratio 4.946 1 0.026
Linear-by-Linear Association 4.682 1 0.03
N of Valid Cases 139
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APPENDIX D.l 
RIDGE AND NOSE RIDGE PROFILES
Profiles Exhibiting Weak to Moderate Profile Development 
Over Semi-Consolidated Ash or Pumice Deposits
P3Paq97: 140 cm total described. Under pine-hardwood forest. In a cove along the road around a 
small nose from Profile 2.
0-60 cm 10 YR 2/2. Very dark brown sandy-silt loam. High organic matter content. Low
A Horizon bulk density. Vf to fine granular. Abundant rootlets, q'dq ulew (q'dq ulew)
60-94 cm 7.5 YR 3/4. Dark brown silt-clay loam. Contains fine and large roots and decayed
B horizon root zones, leaving streaks of overlying horizon within this horizon.
Q'anulew, sin piedras (q'an ulew) Bien suave ="Very soft/workable/friable."
94-140 cm 7.5 YR 5/6. Strong brown sandy-silt loam. Large stones common. Weak to
C horizon medium-strength subangular blocky. Contains rootlets. Q'anulew, con arena y 
piedra (q'an ulew piedrosa)
P10Paq97:2 meters downslope from Profile K9. Same sequence, except has saqpor at 
the base. 150 cm of profile described.
0-43cm 
A horizon
43-70cm
70-110cm
2.5YR3/2. Dusky red silt-clay loam. Abundant rootlets. Strong medium 
subangular blocky. KUqulew
2.5YR4/6. Dark red silt-clay loam. Fine rootlets common. Strong Medium 
subangular blocky. KUqulew
5YR5/6. Yellowish red clay loam. Very coarse subangular blocky readily parts to 
coarse subangular blocky. Fine rootlets common. Q'anulew
110-150cm 5YR7/4. Pink, highly weathered parent material. Saqpor (Piedrosa, pero algo 
arenosa)
P4Chir97: At break in slope directly below interfluve (upper shoulder of slope). Collapsed pozo 
deagua in upper comer of milpa 36% slope.
0-27 cm (Dry). 10YR4/4. Dark yellowish brown loam. Strong medium to
A horizon coarse subangular blocky. Diffuse irregular boundary. Abundant
rootlets. Barro polvoso entre iierro negro,
28-48 cm (Dry). 7.5YR5/6 with 2.5YR2.5/4 mottling common. Strong brown silty
B horizon clay loam with very dusky red mottles. Hard, coarse to very coarse
subangular blocky. Rootlets common. Clear, irregular boundary.
48-80cm (Dry). 7.5YR5/6. Strong brown sandy clay loam. Reddish
C horizon mottles present. Rootlets common. Barro con arena.
80-90cm 7.5YR7/3. Pink sandy clay loam. Coarse to very coarse subangular
C horizon blocky.
90*011 10YR8/2 (dry). Very pale brown to white weathered pumice deposit.
R horizon Arena piedragoza
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A P P E N D IX  D .2  
SO ILS T H A T  FORM ON NO SE SL O PE S  
AN D  TH A T C O N T A IN  T E P E T A T E /C A SC A JO
Soils that C ontain L ayers o f  H ardpan M aterial that Local 
Farm ers R efer to a s  Tepetate or C ascajo.
P3Pam97: About 25 meters uphill from lYofilc H2. Nose slope. 50% slope.
0-40cm 7.5 YR 4/3 (dry). Brown loam. Vf to fine subangular blocky. Readily parts to vf
subangular blocky. Abundant rootlets. Q ’aq'ulew
40-75cm 7.5 YR 3/4 (dry). Dark brown silty clay loam. Coarse to very coarse subangular blocky. 
Parts to vf to fine subangular blocky under strong pressure. Diffuse, irregular boundary. 
Pine rootlets arc common. Barro revuelto con tierra negra
75- 155cm 7.5 YR 4/4 (dry). Brown silty clay loam. Medium subangular blocky. Parts to vf to 
fine subangular blocky under strong pressure. Common fine rootlets. Iximulew  
revuelta con barro or RulewajawSn (tierra para mil pa) con barro
155-180cm 5 YR 5/8 (interiors). 5 YR 7/6 (exteriors. Yellowish red, to reddish yellow sandy loam, 
with lightly cemented concretions. No rootlets. XSqulew
18 0 -190cm 7.5 YR 5/6. Strong brown loam, with nodules o f highly weathered volcanic ash. A few 
vf rootlets. Most macrostruclurc destroyed by augcring. I lit rock or root at 190cm.
Xiiqab'aj
PI LLom97: 36% slope. I o s  (/hi lares, on nose below the school for l-as I omas. See the
census map for I .as I omus for mark. On footpath between the improved milpa 
mentioned above, and a mixed pinc-hardwood forest plot that is 60 years old, 
according to an older woman (70 years old) who lives in the housing cluster located 
nearby. 48 cm of profile described, to cascajo.
0 -10cm 5YR4/4 (dry). Reddish brown silt loam. Medium to coarse subangular blocky with
strong structure. Readily parts to fine subangular blocky. Abundant fine rootlets. 
Diffuse, irregular boundary. Tierra negra polvosa.
IO-44cm 2.5YR3/6 (dry). Dark red silly clay loam. Very coarse subangular blocky. Readily
parts to fine to medium subangular blocky. Rootlets common. Diffuse irregular 
boundary. Barro poivoso  (literally, a  "powdery clay", which probably is a 
descriptor term for a silt.
44+cm Conforms to the description for the cascajo  outcrop described above.
Note: On this nose (below the Hscucla Rural Mixta for I >as I om as), the depth to  cascajo varies
between 25cm and 85 to 90  cm, being shallower on steeper portions o f  the slope, and deeper 
on breaks in the slope. Slope gradients apparently controlled by cascajo undulations, or 
perhaps even the underlying geology.
P2LLom97: 7-10% slope. On the interfluve of the nose, located about 100 meters behind the
schoolhousc. Sampled with bucket auger.
0 6cm 5YR4/4 (dry). Reddish brown silt loam. Medium to course subangular blocky with
strong structure. Readily parts to fine subangular blocky. Abundant line rootlets. 
Tierra negra polvosa.
436
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6-30cm 2.5YR3/6 (dry). Dark red silty d a y  loom. Very coarse sohangular blocky. Readily
parts to  fine to medium subangular blocky. Rootlets common. Barro polvoso.
3(W0cm 5YR3/4 (moist). Dark reddish brown silty clay loam, with a 5YR5/6 (yellowish red)
silt loam matrix. Darker mottles predominate. Cascajo.
-IO-90+cm 5YR5/6 (yellowish red), with 2.5YR2.5/4 (very dusky red) mottles. Lighter color
predominates, and is a silt loam. Cascajo
Note: Based on lid d  observations, cascajo is apparently is a lateritic B horizon. The dark mottles
appear to be a plinlhitc-like material. When not exposed, it is soft and clay-like, but dense. 
W hen exposed to the elements, this layer hardens. It can still be worked, as the comments 
on the "improved" milpa (in the description above) indicate, it would take a pickaxe to 
break it up first, however, according to Clc and other local fanners.
P20LColm97: Side of hill, below the sehoolhouse. Small cluster o f houses above a small 
hanging valley above a stream. Southwest side o f the aJdai. On the road to 
Chimaltcnango (from I .as Colmcnas). I’hotos 5, 6, and 7.
0-15cm l>v: IOYR5/4(cxt), 10YR4/3rintt: Moist: 7.5YR3/2. ITark brown sandy loam, lin e  to 
medium subangular blocky, parts to fine granuhir. Firm. Tierra negra arenosa (La 
primera tierra que nunca han trabajado)
15-105cm Dry: 5YR5/8(int). Yellowish red loamy sand matrix. Coarse platy to prismatic. Hard. 
Iron oxide stains on the interiors of the peds. Difficult to  part. Appears to be a highly 
weathered ash. Thin oxidized crust on pixl exteriors. CascajolTalpetate
105-170cm l>v: 7.5YR8/1. White sand (fine). Semi-consolidated dacitic volcanic ash. Tierra 
poivilla blanca
P22LColm97: 36% slope. Park-like grassy area, with scattered pines. Directly above storehouse 
that can be seen on the other side o f the road.
0-20cm Dry: 7.5YR5/6(interior&cxterior). Moist: 7.5YR4/4. Brown sandy clay loam. Rinc to 
medium subangular blocky. Tierra ceniza media barrial (primer suelo 
abonado)
20-35cnt l>v: 7.5YR5/6, 7.5YR4/6. Moist: 7.5YR3/3. Strong brown to brown sandy clay 
loam. Fine to  medium subangular blocky. Resists deformation. Barro amariUo 
arenoso (segundo suelo)
35-85cm l>v: 10Y5/6(exl), 10YR4/6(int). Moist: 7.5YR3/4. Dark brown sandy clay loam.
Fine to medium subangular blocky. Tierra suelta, color amarilla (terctr suelo 
6 capa)
85-135+cm (right side) Dry: lOYR5/6(cxt), 10YR5/6. Moist: 5YR4/4. Reddish brown sandy
clay loam to sandy silt loam. Macro-structure destroyed during transport. Parts to fine to 
medium subangular blocky. Stony. Tierra amarilla amelcochada
85- 120cm (leftside) Drv: 10YR5/6(ext). M oist: 10YR3/4. Dark yellowish brown sandy clay 
loam to sandy silt loam. Macro-structure destroyed during transport. Talpetate 
amelcochada.
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APPENDIX D.3 
SOILS THAT FORM ON BACKSLOPES
P 3C hir97 : Under pine-haidwood woods (60 years old). Chirinjuyu. 37% slope. N30°Efrom
Ceno del Sochol. S30°E from Ceiro del Sochol.
0 -20 cm SYR3/3. (Moist). Dark reddish brown silty clay loam. Strong medium to coarse
subangular blocky. Readily parts to vf granular to vfine blocky. High organic matter 
content. Roots, rootlets, and twigs common. Tierra negra de barro.
20-65 cm 7.5YR4/4. Moist Dark yellowish brown silty clay loam. Barro polvoso.
65-150+cm5YR4/6. Yellowish red silt clay loam. Medium subangular blocky that readily breaks 
down to vf granular. Barro polvoso.
P 4 P aq 9 7 : Photos 31. 32: Near the nose of Sarima (the local name for this ridge), on the upper 
flank of the ridge. About 1 m of soil profile exposure, q'anulew (muy polvoso).
0-15 cm 7.5 YR 3/4. Abundant rootlets. Dark brown silt loam. Vf granular. Q'aq ulew.
15-35 cm 5 YR 4.5/4. Yellowish-red silt loam. Fine subangular blocky. Readily breaks down to 
silt-size particles. Q'anulew.
35-80 cm 5YR5/6. Yellowish-red silty-clay loam. Weak, coarse angular blocky that readily 
breaks down to medium angular blocky. A few roollets.Q'anu/ew.
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APPENDIX D.4 
SOILS THAT HAVE DEVELOPED 
ON BROAD RIDGES AND SHELVES
PlPan97; N2E (W?) of the Catholic Church in Las Lomas. S48E of nose of Cerro 
Los Tres Cruces. l°k slope. On the top of the ridge (the interfluve).
0-15cm 7.5YR2.5/2 (ini). 7.5YR4/2 (ext). Dry. Dark brown silt loam. Fine to medium 
subangular blocky, parts to vf subangular blocky with moderate pressure. Abundant 
rootlets. Diffuse, irregular boundary . Barrial, iin poco de tierra negra: Barro 
negro (q'aq' ulew, algo barrial)
15-65cm 7.5YR3/2 (int). 7.5YR 4/3 (ext). Dry. Dark brown silty clay loam. Medium to coarse 
subangular blocky. Parts to vf to fine subangular blocky with moderate pressure. Rootlets 
common. Diffuse, irregular boundary. Q'aq' ulewlbarro negro
65-90cm 5YR4/3 (int). 5YR4/6 (ext). Reddish brown clay loam. Medium to coarse subangular 
blocky, parts to vf to fine subangular blocky with moderate pressure. Rootlets common. 
Q’an ulew mqjun/mandq chqa kaslin
90-110cm (moist) 5YR4/6. (int). 5YR5/6(ext). Yellowish red clay loam. Macro structure
destroyed by auger action. Parts to vf granular. Rootlets present. Q'n ulew nuts pa ru 
ch'ok q'a
110- 125cm 5YR5/4. Reddish brown sandy clay loam. Macro structure destroyed, parts to vf
subangular blocky. No rootlets. Q'anulew rachilan sanaki (tierra amarilla con 
arena)
125- 185cm 5YR4/4. moist. Reddish brown clay loam. Forms very good wires. Macro-structure 
destroyed by auger action. No rootlets. Diffuse boundary. Q'an ulew kakoch pa q'aq 
rikin
185-200cm 5YR4/6. Yellowish red clay loam. Macro structure destoryed, parts to vf subangular 
blocky. No rootlets.
Small cove on southern spur leading to Rio Coloya from the saddle where the main portion of 
Paquixic is located. About 300 yards below the Catholic Church.
Photos #18 and 19: Roadcut through a small knoll made up predominantly of a white 
wby/pumiceous layer, on top of a pink ashy/tuffacfow/pumimnis layer. On the road that passes by 
the Catholic church, and which connects Paquixfc with Comalapa. Rarely used by vehicles, due to 
its steep ascent, which becomes slick during the rainy season. 46 meters downhill from Profile #13.
E liE aaS Z i Located about 214.5 meters down the road from the Catholic church. Five meters 
of roadcut at this location. Described 2 meters of profile. Profile 13 appears to be a 
Spodosol that seems to continue nearly to the Catholic church. Photos #19-21. and 26 
and 27.
0-25cm 7.5YR5/6 (dry). Strong brown sandy loam. Very coarse granular, readily parts to fine
to medium subangular blocky. Abundant rootlets. Relatively low organic matter 
content. Diffuse, irregular boundary. Q'anulew (Ixim q'an ulew)
25-45cm 7.5YR7/2 (dry). Pinkish gray loamy sand (?). Coarse to very coarse subangular
blocky, readily parts to fine to medium subangular blocky Hard. Diffuse, irregular 
boundary. (Puro barrial)
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45-112cm 5YR5/4 (dry). Reddish brown sandy silt. Coarse prismatic, parts to medium platy 
with moderate pressure. Hard. Diffuse, irregular boundary. Q ’anulew, algo duro 
(Q'an ulew barrial)
112- 140cm 7.5YR7/3 (dry). Pink sand. Coarse subangular blocky. parts to fine to medium 
subangular blocky with slight pressure. Diffuse, irregular boundary. Arena (saq 
ulew rikin sanaki)
140-200cm 5YR3/3 (dry). Dark reddish brown clay loam. Coarse prismatic, parts to medium 
subangular blocky. Peds have slickensides on their faces. Q'anulew, algo cafe 
(tierra barrial, algo cafe)
Photos 22-25. 28 show how this soil forms on the pink ashy deposits.
P 19LColm 97: On main road, below grassy space before road dips again. 1.2 meter roadcut +
80cm augured. Interfluve (ridgetop). 11% slope. Photos 1-3 of roll called 5-7-97.
0-15cm Drv: 7.5YR5/4; Moist: 7.5YR3/3. Dark brown sandy clay loam. Clear, irregular
boundary. Primer suelo abonado (tierra negra suelta)
15-35cm Drv: 7.5YR5/6(ext), 5YR4/6(int); Moist: 5YR3/3. Yellowish red to dark reddish
brown clay loam. Medium to coarse subangular blocky. Clear, irregular boundary. 
Barro ackolado
35-54cm Clear, irregular boundary. Barro "Sangre de Ckivo"
54-75cm Drv: 7.5YR5/6(ext), 5YR4/6 (int). Brown to dark reddish brown clay to clay loam.
Medium to coarse subangular blocky. Diffuse, irregular boundary. Barro arenoso 
pdlido
75-125cm Drv: 7.5YR5/6(ext), 5YR5/6(ext); Moist: 5YR4/6(int). Yellowish red to strong
brown clay loam. Rootlets are common. Medium prismatic, parts to medium to 
coarse subangular blocky. Barro arenoso cafi
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APPENDIX D.5 
SOILS THAT HAVE DEVELOPED ON 
CONCAVE SLOPES IN FIRST-ORDER WATERSHEDS
P 2 C h i r 9 7 :  37% slope. T aken  about 20  m upslope from  Profile #1. C oncave slope.
0-40 cm 10YR4/4. (D R Y ). Dark yellow ish brown loam. M edium  subangular blocky. Strong. 
Parts to  v fine to  fine subangular blocky. A bundant twigs. Tierra polvosa.
4O-70cm 7.5Y R 4/4. B row n silty clay loam. F ine to  M edium  granular. Strong, parts to  vfine
granular. Tw igs and  rootlets com m on. Tierra polvosa.
70-150rfcm SYR3/4. (M oist). Dark reddish brown. Silty-clay loam to  clay  loam. M edium
subangular b locky  readily parts to  vfine to fine subangular blocky. Tierra polvosa.
P l L C o l m 9 7  : 37% slope. U nder milpa next to Jlu 's cafetal. Concave slope. Located on slope 
flank. B uries a r ia  and adds m anure to soil.
0-15cm 7 .5Y R 4/4 (dry). Brow n silty-clay loam. Strong m edium  to  coarse subangular blocky.
A bundant rootlets and twigs, tierra negra. barrial (la primera capa abonada)
15-30cm 7 .5Y R 3/4 (m oist). Dark brown clay to  silty clay loam. M edium  subangular blocky
readily parts to  v f  subangular blocky. Barro negro.
30-58cm 5Y R 5/6 (m oist). Y ellowish red silty clay loam. M edium  to  coarse  subangular blocky.
Readily breaks dow n to  vf subangular blocky. Barro Colorado.
58-78cm 5Y R 3/4 and 5Y R5/6. Lighter co lo r is a  yellowish red  silt loam . D arker co lor is a dark
reddish brow n silty-clay loam. C oarse subangular blocky. Barro Colorado.
78- 130cm 5Y R4/3 (m oist). Reddish brown clay loam. Coarse subangular blocky. Barro
acerado (Steel clay).
130-142cm 2.5Y R 3/6 (m oist). Dark red sandy loam  with inclusions o f  2 .5Y R 2.5/4  very dusky red
clay loam . Barro arenoso.
142-152+ cm  2.5YR 4/6. D usky red sandy loam. Tierra arenosa
P 2 P a c h 9 7 :  A bout 200  m eters tow ards Com alapa on the roadcut, ju st before the curve in the road 
below  M yb's house. Secondary forest. On the flank  o f  the h ill, slightly to  one side of 
the hollow . 38%  slope. M yb's house is on a  small nose leading o ff o f the ridge's 
saddle.
0-34cm 7.5Y R 4/3 (in t) 7 .5Y R 5/4 (ext). Dry. Brown. Fine to  m edium  subangular blocky,
parts to  v f to  fine subangular blocky under m oderate pressure. A bundant rootlets. 
Diffuse, irregular boundary, poqnlew
34-5 lcm  7.5Y R 3/2 (int). 7 .5Y R 4/3 (ext). Dark brown silt loam . F ine to  m edium  subangular
B locky, parts to  v f  subangular blocky under m oderate pressure. Roodets very com mon. 
D iffuse, irregular boundary, q'an q'oj ulew
51-92cm 7 .5Y R 4/4 (int). 7 .5  Y R5/6 (ext). B row n silty  c lay  loam. M edium , to  coarse
subangular blocky, parts to  v f to fine subangular blocky, parts to  v f to  fine subangular 
blocky w ith m oderate pressure. Rootlets com m on. Diffuse, irregular boundary.
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9 2 -122cm 7.5YR 5/6. V ery  fine  sand? Strong brown silt loam . M edium  btibanguiar blocky.
C lear, irregular boundary, q'an poq' ulew
122-18ScM 7.5YR 4/4. B row n clay loam. Fine to m edium  subangular blocky, parts to  v f  to fine 
subangular blocky under m oderate pressure. Fine whoriing o f  lighter and darker 
coloration throughout horizon. A  few very fine rootlets. Vtz ulew "algo cafi*
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APPENDIX D.6
MULTISEQUUM SOILS THAT FORM IN COVES
flPaa?7; Just below  the point w here the road drops abruptly Oust past the footpath that leads to  
Sarimd: the nam e o f the hill, and o f  the caserib). T h e  roadcut a t this point exposes 
2.7 m eters, o r  m ore, o f  soil profile. H ere, we exposed some o f  the soil below  the 
outside layer, w hich is very dry at this tim e o f  year. W e started collecting sam ples at 
the bottom  o f  the profile, so as not to knock m ore dry  soil over the profile.
0-130cm Dry: 10YR5/4(ext), 10YR4/4(int); M oisL 10YR3/2. Yellowish brown to very dark 
greyish brown sandy loam  to loam y sand. Very fine granular to  fine subangular 
blocky. Loose.
Above the "mera q'anulew” is a cap  o f tierra negra. W here the cap is shallow , hoeing has 
m ixed it w ith q'anulew. T his also com bines the qualities o f  th e  tw o soil types. This causes a 
different color, w hich is lighter than the q'aqulew, but darker than the q'anulew. According to 
Jgx, this mixing o f  the tw o soils (soil horizons from  a scientific view point) im proves the qualities 
of the q'anulew. M oisture retention o f  the q'anulew , fo r exam ple, is im proved by this m ixing o f 
the tw o soils.
130-225cm Drv: 10YR5/6(ext), 10YR5/6(int). M oist: 7.5YR 3/4. Y ellowish brown to dark 
brown sandy loam. M acrostructure destroyed during transport.
Above the sandy layer is a  layer o f w hat Jgx says is a  ”mera q’anulew”. T his, they do encounter 
w hile farm ing, although not very  often. Jgx says that, since they only w ork the top  SO cm  or so  o f 
soil, they norm ally do  not encounter the lower soil horizons. T hey  only really  seem  to  have nam ed 
those soils that encounter in their daily  work. This "tierra amarilla (q’anulew)” is actually  a 
reddish-brown (orange) color. I would call it a  silty loam texturally. At 130- 140cm, it interfingers 
w ith tierra negra (q'aqulew).
225-258cm Drv: 10YR5/6(ext), 10YR4/4(int). M oist: 10YR4/6. Y ellowish brown to dark 
yellowish brown loam y sand.
Immediately above the reddish-brown "q'anulew ” is a  white layer about 33-35 cm  thick. It is  
light-colored. Jgx calls it ”Sanahi”, which m eans sandy or, m ore specifically, soft. I'd say it  is a  
sandy loam, texturally. Jgx says that milpa w on't grow in this soil (I im agine that this would be 
true for a  purer sand).
258-270cm Drv: 10Y R5/6(ext), 10YR4/4(int). M oist: 7 .5Y R 3/4. Y ellow ish brown to dark 
brown sandy clay loam.
A "cafe" colored sedim ent that has high clay content. Jgx still calls it a  q'anulew , although it is 
actually a  deeper reddish-brow n color. I'd say it is a  clay-loam , texturally. Jgx sys the only 
experience that they have w ith this type o f soil is when they are digging wells. Since they do not 
norm ally encounter this type o f  soil in agriculture, they haven't nam ed it. So, this is why he classes 
it w ith the q'anulew, even though it is  darker in  color, and has a  higher clay  content.
Downsiope: Drv: 2 .5Y R 3/4. M oist: 2.5YR2.5/4. Dusky red  to  very dusky  red. C layey, but
not cohesive. P robably an iron o r alum inum  ox ide clay. KUq ulew
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P 1 P « m 9 7 : L ow er portion o f  E pp 's milpa, ju s t above the ru ins o f  the house. A  sm all, nearly level 
portion o f  Cerro Pam  urn us, w hich faces the end o f  the  sm aller ridge on w hich the 
Puesto de Salud is located.
0-30cm
30-50cm
50-65cm
65-80cm
8 0 -160cm
10 Y R  5 /4  (dry). Y ellow ish brow n silt loam. Fine to  very  coarse granular and fine to 
m edium  subangular blocky. Parts to  v f to  fine subangular blocky under strong 
pressure. Fine rootlets are com m on. Ixim ulew
7.5  Y R  5/6 . (slightly  m oist). Strong brown silty c lay  loam. M ost m acrostructure 
destroyed by augering. M edium  to  coarse subangular blocky. Parts io v f to fine 
subangular blocky under moderate pressure. Fine rootlets are com m on. Ixim ulew
10 Y R  5 /6  (slightly moist). Strong brow n silt loam . A ny m acrostructure destroyed by 
augering. Parts to  v f  to  fine subangular blocky under m edium  pressure. Rootlets are 
uncom m on. Q'anulew
7.5  Y R  6 /2  (slightly moist). Pinkish gray silt loam . A ny m acrostructure destroyed by 
augering. Parts to  v f  to  fine subangular blocky under slight pressure. Xiiqulew, con 
sanahi
7.5  YR 7/2. Pinkish gray, sandy textured volcanic ash. G lass shards and  flakes o f 
b iotite and  m uscovite. Arena (para repella): Sanahi
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APPENDIX D.7 
SOIL PROFILES THAT DEVELOP NEAR 
THE THALWEGS OF SMALL, 
INTERMITTENT FIRST ORDER STREAMS.
P3Pach97: O n the opposite  side o f  the hollow from Profile #2, and farther downslope. W here 
hollow starts to  level out. About 10 m eters from a spring, thus one finds 
redoxim orphic features in the  lower soil horizons.
0-10cm 7.5 YR 4/3 (interiors). 7.5 YR 7/3 (exteriors). Brown silt loam. Fine to  m edium
subangular blocky. Parts to  v f to fine subangular blocky under m oderate pressure. 
A bundant rootlets. D iffuse, irregular boundary. Tierra barrial
10-33cm 7.5 Y R 3/3 (interiors). 7.5 YR 4 /4  (exteriors). D ark brow n silty clay loam. M edium
subangular blocky. Parts to  v f subangular blocky w ith m oderate pressure. A bundant 
rootlets. D iffuse, irregular boundary. Barrial (algo q'aq'ojulew)
33-62cm 5 Y R 3/4  (interiors). 5 Y R  4 /6  (exteriors). Silty clay. M edium  to coarse subangular
blocky, parts to  v f to  fine subangular blocky under m oderate pressure. Rootlets 
com m on. D iffuse, irregular boundary. Un poco cascajo. Kujkikulew
62- 146cm 2.5 YR 3/2, w ith 2.5 Y R  3/6  mottling (dry). Dusky red silty clay with dark  red
mottles. M edium  prismatic. Hard. Parts to vf prism atic under strong pressure. No 
roots present. S trong redoxim orphic features, kaq k'ojulew
146-185cm 2.5 YR 2.5/3. Very dusky red  clay, form s very good w ires. M acrostructure destroyed 
by augering. Readily parts to  vf subangular blocky.
Note: Encountered the w ater table ©  ~  180cm. Retal ya' (seBo de agua)
P16Paq97:
0-30cm Drv: 7 .5Y R 4/6(ext), 7.5Y R 4/4(int); M oist: 7.5YR2.5/2. S trong brown to very dark 
brown clay loam . M edium  to  coarse subangular blocky. C ontains pebbles. A bundant 
rootlets. Tierra f ir t i l  (Ixim ulew)
30-50ctn Drv: 7 .5Y R 4/4(ext). 7.5YR3/3(int); M oist: 7 .5Y R 2.5/2. Brown to very dark brown 
clay  loam. M acro-structure destroyed during augering. Parts to fine to  m edium  
subangular blocky. Barro negro (ixim ulew, algo barrial o barro negro)
5 0 -107cm Drv: 5YR4/4fexf>. 5Y R3/4(int): M oist: 5YR3/2. R eddish brow n to dark  reddish
brown sandy clay  to  clay  loam, (arrived a t  the w ater table). Ixim ulew, algo 
barrial, llegando a barro negro)
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APPENDIX D.8
PROFILES THAT FORM ON FOOTSLOPES
P2Paq97: (Photos # 1 8 ,1 9  an d  20). U nder a  grassy mojdn, on  flank of hill up the footpath from  
the top o f  the steep  portion o f  the road, below w hich  we described a soil profile last 
Friday.
Location: T o  road junction a t  Jgx's house: S32°E?(Check m ap)
0-15 cm  5YR 4/6 (dry). Y ellowish-red silt-clay loam. H igher o.m. c o n te n t./x im a /e w ;
15-85 cm T his is a  thick section that I further subdivided in to  three sm aller sections, a lower,
middle, and u p p e r Q'anulew.
15-45 cm Upper Section: 2.5 YR 4/6. Red. Lighter than  the  m iddle section.
45-65 cm M iddle Section: 5 YR 3/3. D ark reddish-brown. Still calls it q'anulew (tierra
amarilla). C oarse  blocky. Form s strong w ires upon wetting.
65-85 cm Lower Section: 7.5 YR 4/5. B row n day -loam , w ith interm ixed sand on the low er 
portion.
85-95 cm 7.5 YR 6/4. Light brown san d y -d ay  loam. F o im s very weak, short wires when
m oistened. W eak, subangular b locky structure. M edium  to coarse blocky. A diffuse 
boundary  of in term ixing o f sandy horizon with overly ing  horizon. Q 'anulew. (Later. 
Jgx said Sanahi, o r  tierra para teja).
95-123 cm. 10YR 7/3. V ery pale brown fine  sand. Light colored , w ith a  few dark  grains. Som e 
weakly formed rounded peds. C oarse, weak granular, to am orphous, structure.
SanayV (arena).
123-145 cm 2.5 YR 2.5/3. A few  fine rootlets. M edium subangular blocky. Very dusky-red clay.
Forms good wires when moistened. Malleable. G rades to  sandy-clay loam near contact 
w ith overlying horizon. U ndulating contact. Barro Rojo (no Kaqchikel name). Jgx 
says it does not occur in m any places.H ere, it ex tends about 10 m along the road.
P2Pam97 : D pp's milpa, a t the end o f  the ridge nearest C. Sarim a. R idge on  w hich Puesto de 
Salud is located. Footslope before the ridge begins to  level out again. 32% slope.
0-95cm  7.5 YR 3/3 (interiors). 7.5 Y R  3/3 (exteriors). D ark  brown silty clay loam, to clay
loam . Coarse subangular blocky. Hard. Parts to  fine  to m edium  subangular blocky 
under strong pressure. Com m on fine rootlets. Q'anqjulew (barro)
95-165+cm 5 Y R  3 /4  (moist). Dark reddish brow n clay, tending tow ards a  sandy clay. Any 
m acrostructure destroyed by augering. Parts to  v f  to fine subangular blocky under 
strong pressure. F ine  rootlets present, but rarely occurring. Q'anqjulew para 
teja/para ladrilla (contains sand)
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APPENDIX D.9 
SOIL PROFILES THAT 
DEVELOP ON VALLEY FLOORS.
P13Paq97: In  the cuenca o f  Paquixic, ju st above the tum off past Jgx 's house (See the
placem ark on the census m ap o f  Paquixic). A bout 20  m eters from the junction. 
Photos #\ 1-17. Roadcut below the  monjon of a  milpa.
0cm -50cm 7.5Y R 4/4 (dry). Brown loam. M edium  granular, bordering o n  subangular blocky.
R eadily parts to very fine granular to  fine granular. A bundant rootlets. Diffuse, 
irregular boundary. H igh organic m atter content.
Q'aq'ulew (q'aq ulew)
50cm -95cm 7.5Y R 5/6 (dry). Strong brown silt loam . M edium to  coarse subangular blocky.
Readily parts to fine to  m edium  subangular blocky. A bundant rootlets. G opher 
burrow s com m on, w ith sedim ents from top horizon infilling burrows. Diffuse, 
irregular boundary. Q'anulew (q'an q'tiq ulew)
95cm -125cm  5Y R 5/6, w ith 7.5Y R 5/6 mottling com m on. Y ellowish red silt loam , w ith strong
brow n mottles. M edium  to  coarse subangular blocky, readily parts to  fine to  m edium  
subangular blocky. R ootlets com mon. Diffuse, irregular boundary. "Q'anulew, 
solo qui es mds duro" (q'an ulew)
125-170+cm 5Y R 4/6(d ry ). Y ellowish red silt loam. Medium to coarse  subangular blocky, readily 
parts to  fine to m edium  subangular blocky, then dow n to very fine subangular blocky. 
Fine rootlets present, (puro q'an ulew)
P5Chir97: V alley floo r o f small w atershed that com prises most o f  hinterland o f  Chirinjuyu.
N25°E o f  C erro  del Sochol. N35°E o f  Chirinjuyu p roper (largest housing cluster on  
m ap, next to  monjon between C hirin juyu and Las Lom as). Described using bucket 
auger.
0-50cm 7.5Y R 2.5/2. (moist). V ery  dark brown loam. Fine to  m edium  subangular blocky and
granular. Reaidily parts to  very fine granular. High organic m atter content. Sam ple 
taken from  first 20  cm . Tierra negra.
50-89cm 5YR2.5/2. Dark reddish brown silty c lay  loam. Fine to  medium subangular blocky.
Strong. Readily parts to  fine o r vf subangular blocky. Slightly plastic. Tierra 
negra.
89- 150+ cm  2.5YR3/3 (m oist). D usky red clay loam . M edium to  very coarse subangular blocky. 
Form s good wires. M oderately plastic. Barro negro.
P13LColm97: A t the end o f  a gully  o r  barranco, below  the soccer field.
0-30cm
30-60cm
Drv: 5Y R 5/4(ext), 7 .5Y R 4/4(int.); M oist: 5Y R3/3(int). Reddish brown sandy
loam. M edium  to  coarse subangular blocky. Primer suelo abonado
Drv: 7 .5Y R 5/4(ext), 7 .5Y R 4/4(int); M oist: 5Y R 2.5/3. Brow n to dark  reddish
brow n sandy clay loam. Barro negro arenoso
60- 106cm Drv: 7.5Y R 5/4(ext), 7 .5Y R 4/6(int); M oist: ?? D ark  brown to  reddish brown clay
loam. M edium  to  coarse subangular blocky. Barro negro
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106-165cm Cannot find sample. Barro caff
P9LLom97: Small valley at the sou th  en d  o f  the akka. In the hollow  ju s t before it d ips towards
the barranco to the sou thw est o f the aidea. N o photos, since sampled w ith bucket 
aueer.
0-80cm 10YR4/2 (dry). Dark grayish brown loam. Fine to  coarse subangular blocky, readily
parts to  very fine  to fine subangular blocky. Fine rootlets com m on. Tierra negra
80-115cm 7.5YR3/3 (m oist). Dark brow n sandy loam. M edium  subangular blocky. Readily 
parts to very fine to fine subangular blocky. Tierra negra revuelta con barro 
(barro negro).
115- 150cm 7.5YR3/3 (m oist). Dark brown sandy loam, with lightly  cem ented nodules (abundant). 
Cascajo de cienega
448
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APPENDIX E.1
LIST OF DESCRIPTIONS PROVIDED FOR SOIL TYPES IDENTIFIED 
BY KAQCHIKEL FARMERS, GROUPED INTO GENERAL CATEGORIES
i
KaqtMM Sprat PraUk CaltwiPM.
Barra rail
Barra Bvro
negro
Barra cm
tkrra
acgra
Tkrra Tictra 
barrW bamaj
rm
Urplli
(rail
30125
Inf M w nrlC 'a lw  CM erN m w  F IT »I
I p  25YR3/3(d) Dusky red Silly day
EaiMa loan
JMa
KKlracI FaFrrl
Vcoarae sutong rrodnctiie 
Nky
P16Paq97 Core thalweg 30 SO Jg* 7SVR3/3(4) 
RaiMa 7 5YR2 ¥1  (ml
JMa
I p  5YR3'«di) 
BmMa SYfUOlm) 
JMa
PI6Paq97 Cove lhaiweg 50  107
P3Pam97 Sideslope 40 75 Dpp 7 5YR3/4(d)
P3Pach97 Cove thalweg 0  10 Sjro 7 5VR4.3(di)
Q*aaa'akw B iro*  P2Pau97
(yaaa'akt
para
M tM
cyaeekw
Barro 
Rojo* 
r Barro 
para teja
T iara
amarilla
P5Patn97
P2Pam97
F7P&q97
Ridge
Footslopc
(Upper)
Lower 
aided ope 
Ridge 
Foote) ope 
(Upper)
rrt
0 9 5 7 5YR3/3 ( d e ) 
7 5VR3/3 (d i )
10(o30 Dpp
Brown to vdark Clay loan Parts fm ed 
biown subang blky
Reddish brown to Sandy day lo Arrived at 
dark rcdtfcsh day loam water table
95 165 Dpp 5YRJ/4
125 155 Jgx 7SYRS6(d>.
EmMa 2 5YR33 mottles 
JMa
Dark brown
F medaubang 
blky
Dark brown
Dark reddish 
tvown
Strong brown
Silty day 
loan
Silt loam
Coaiae vcoane 
subang blky
F medaubang Product! ic  
blky
silty day loam Coarse subang 
blky
Clay (hyd)
day. tending IHtrts vf fine 
towards a subang blky 
sanity day
Silt loam to Vcouse subang unavailable 
ally day loam blky to coarse 
suhangblky
l i d /
C«M
(hot)
Product te  
(productive)
productive
(productive)
I C«awwim2
Calls it Kaqijlew, bu> docs Call it Barro caft It 
not appear to be the same soil produces, and is "hot* 
that other farm era call 
"kaquiew".
(hot) Calls it'barro  negro"
(hot) Calls it'b arm  negro"
Call it "iximulew" When 
pressed, call it 'barro negro" 
It is good for ail types of 
crops
Call it "iximulew. algo 
bam al. Ilcgando & barro 
negro"
It is still fertile, you can still 
produce with it Not so 
"negra" Manaq ulew s i k j s o j  
(ni tan barro. ni tan puro 
negro)
Good for teja Milpa wont 
grow here, ini ess you pick it. 
and hoe it. well
Cuandotiene color carbdn 
yanosirvc para teja
Calls n q'anulew Call it tierra bamal cafi
P7p»q97 rn 155* Jgx 7 5YR5/6
EpiMa
JMa
Strong brown Silt I cam Vcoarae subang unavailable 
Nky
Calls it q'anulew At the next Call it "tjena bamal 
road crossing, we found anianlla* 
q'aiailew (the liardcr variety) 
capped with iximulew
Pi5paq97 r rn 40 105 jgx 7 5YR5/6«fc) 
7 5YR4/6(m>
Reddish yellow Sandy day Fm cd (Produces)
to Strong brown subangular Nky
(hot) Calls it q'anulew ('all it Ixmiq'anulew 
Produces
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K a q r h f t a lQ'uwAcv PreMt CamP)5Paq97 nrt
D epth
(CM )
105 140
Iwf Ma i t» C « lf
T5Vr4M(dj)
7 SYRMrtn)
PI Pach97 Braid ndge or 65 90 
shelf
Syo 5YK4/J(dl)
P14Pacf/7 Braid nose 45 112 
ridge or shdf
Jg* 5YR5/4(d) 
IdiNli 
JMs
P14Paq?7 Braid o n e  140 200 Jg* SYR3/3(d) 
ndge or shelf HmMi
JMa
Catar Name FlTtst FISlvutI
Strong brawn to Clay loam M coarse
dark reddish subang Nky
brown
Reddish brown Clay loam M coarse
subang Nky
Reddish brown Sill loam
Dark redihah 
brown
Clav laom
K a f i r  I
Unproductive
H al/
Caid Caaaaaiab I
lyafrfo) Calls II'q'anulew*
Coane
prismatic
Coarse 
prism die 
(shcfcensides)
Nearly infertile
(soil produces) (hoi)
Tierra que ya no Uene vida 
This can be improved with 
manure itkbuons Says n i s  
bamal, algo amarilla
Calls il ‘q'anulew, algo 
duro*
(Produces) (hoi) Calls it 'q'anulew. algo caf I*
©
(J 's—irw Tierra 
(swetta) amarilla
PI Pach97 Braid ndge or 90 110 
shdf
P8Paq97 FoatslopeT? 20 69
P8Paq9r’ FoatslopeT? 69 100
PIPaq97 Valley floor 1.10 225
<r>
(Bafa)
tierra P4fhq9T’ Upper 20 40
amarilla Shfeslope
(weak)
P4Paqy Upper 40 85
sidcslope
PlPam97 Small dale in 50 65 
firs! order 
watershed
Syo
(2m Ma
JMa
5YR4/6(m)
5YR5/8(d)
Jgx 5YR5/8(d). 
EmMa 5YR4/4 mottles
JMa
Jga 7 5YR3i4(m)
liaiMa
JMa
Jga 5YR4 5.4(d)
HmMa
JMa
Jgx 5YR5J6(d)
12m Ma
JMa
Yellowish red 
Yellowish red
Yellowish red. 
redchsh brown 
monies
Yellowish 
brown dark 
brown
Yellowish red
Yellowish red
Dpp IOYR5/6( slightly Strong if  own 
moist)
Clay loam Parts vf Has 5 1  life
granular
Clay loam Unavailable Products wi’h  (hul)
work
Clay loam lYoduces. b it 
must be 
worked
Sandy loam unvavailaNc V
Silt loam Fnesubang 
Nky
Mu\ pobre 
(unproductive)
(hot)
(cold)
Silty day 
loam
Silt loam
Coarse angular Tierra floja 
Nky (weak)
Pans vf fine Unproductive 
subang Nky
Mdr pa ch'ok V I de vida 
tiene
(Cold)
Jgx says they donl encounter 
it wiiile farm mg. so donl 
have a special name for it
Without the A horiion. das 
soil is very poor for 
agriculture Need to add 
plenty of organic matter to 
make it produce Farther up. 
on slope shoulder, q'aqulew 
to I meter, before hitting 
q'anulew
Amarillo, more or less 
Becomes very hard on 
drying Calls it *Ulew g'an 
bfo cliik ok richoq'a' y inks 
b“a cliik ok k'aslcm du 
ruwadi*.
CemawrMs 2
Call i t ‘ saqtiew* *Muy 
cansado ya no da*.
Call it 'q'anulew barrial*.
Call it ‘ tierra barrial. algo 
caff* Actually, interview 
norca say ‘kaquiew* bamal. 
hut it is barrial and red Also 
say it still produces
Ixaimq'anulcw ‘Hot* 
Produces but mual be worked 
more than upper hacieon
It is ‘hat* Il produces, but 
you need to work it
Call it qanq'aqulcw Will 
not produce
True q'anulew. "Cold*. 
Tierra floja
which Imdda or Liiaro 
translated to mean ‘tierra 
amarilla que tiene poca 
fueria y no muy produce*)
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K a y M k rf
<n <*•*•> pir*ip7
C a i M i  P m .
Valley floor
Depth
(CM )
258-270
Iw f M m n I C A t
Jga 7 5YR3'4(m)
IsnMa
JMa
Cater Naan F IT c k I
Yellowish brown Kandy day 
to dark brown Loam
nstraacl
Not cohesive
PaFarl
llot/
COM
Jga stiU calls it a q’anulew 
They only encounter this 
when they dig wells So they 
don't have an actual name for 
it Why he calls it q'anulew.
C w m rn ti 2
even though its  darter in 
color
PI3fttq97 Valley floor 95 125 Jga 5YR5/6. w/ Yellowish red. silt loam
IsnMa 7 5YRS6 mottles slmng brown
JMa mottles
P13Paqp7 Valley floor 125170* flmMa 5YR4/6(d)
JMa
Q *M «kw  Tierra P6Padi9? Saddle ndge? 195 200* Syo ???
wife‘In amarilla
sawayf arcrosa
Q 'l—Irw Tierra P5Padi97 Concave 137 147 Syo ??? 
wife I n  amanlla si deslope or
con tierra cuve?
roja
Yellowish red a lt loam
W
M coarse 
subang blky
M coarse 
subang blky
Not very 
productive
Not as
productive a 
little harder
& Q*aa q 'o j Tierra P2Pach97 Concave 3451 
w fcw  amanlla si deslope or
dara/o cove?
Syo 7 5YR3/2 (di) Dark brown
P6Pach9? Small new 125 150 % o 777
Q*an Tierra P2P»ch97 Concave 92 122 ty o  75YR56<di) 
polvilla si deslope or
amarilla cove?
Tierra P7ft*h97 Broad ndge 110 138 Syo ??? 
amanlla shoulder
polvUla
Q'wmliw Tierra PSPachO" Concave 107 137 Syo W
•wav* amanlla si deslope or
sucha cove?
Silt loam
7V
Fmed subarg 
blky
Unproductive
Strong trown Silt loam (vf M coarse Does not
sand?) subang blky produce very
well
Q*< Silty day 
loam
Fm ed
prismatic
Very linle 
•fueria*
'Q'anulew. *51 o qu6 es mds Call it 'Qanulew. medio 
duro* barrial*
No comments written down Call il *puro q’anulew*. 
or recorded
“Tierra armosa con im poco 
de tierra amarilla* It is 
sandy. Bt needs ora to be 
productive Add residues 
and fertilize on time
Qauakaqule w. or q'anulew Syo still It thus holds the 
rachilankaq ilew Tierra humidity a little longer Pure 
amarilla con tierra roja It *rojo*. on the other hand, 
costs a little more to make it (kies out more rapidly 
produce The amanlla helps 
it scraewhat
Q'an qfoj - ”ni tan amarillo. 
ni tan no es amanllo medio 
amarillo*
It is yellowish Needs to be Syo still Sort soil, that needs 
mixed with other sediments cultivation in rotation Not a 
Atom (buryresduesHo prctiemamarilla.but 
produce mixed.
Does not prrduce very well, 
because it doesn't have any 
"fuerra" for crops "Suave*
Amarilla barnal A linle mas It is q’anapoqolaiulew 
suave It remains soft upon 
drying Not very hard, nor 
very soft
Genaro transcribed ttnn  as Syo still Soli with very little 
q'anulew nrosq'opijri :'tierra "fucraa*. *ticnasuelta*. No 
amarilla sueiu para cultivar* lagh capacity for hfe Cm 
produce only w/plenty of 
chemicals
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KwqeMkef Sfaatah
Dtpth
CMi m N i  «aa> IrT MnrmI Cater CM arNaat FITcst
P15Paq97 7<V O P  Jgx 75Y R 252 itn ) Vefydarkbrown dayloam
HmMa 
JMa
P15Paq97 W  17 40 Jgx lOYR3/6(m) Dark yellowish Sandyday
PmMa brown loam
JMa
P15P»q97 Cote thalweg 0 30 EmMa 75YR44<di) Strong brown to Clay loam 
JMa 7 5YR2 5r2(m) vdark brown
PI Pam97 Small dale in 0 30 Dpp 10YR5/4(d)
fir* order 
watershed
Small dale in 30 50 Dpp 7 5YR5*6<d>
Oral order
watershed
Yellowish brown silt loam
Strong brown Silty clay Ioud
&04 P3F*ra97 Side si ope 
Q'aM q'aq Tierra PS Pach97 Concave
•away I* amarilla
ofcw negra
arcnosa
sides! ope or 
cove?
75 155 Dpp 7 5YR3<4(d)
147 165 Syo 777
Dark brown
Q 'm m cM I Tieira P5Pach97 Small nose or 150 195 Syo 77?
•aaayf amarilla saddle
arenoaa
con
ceniia
Kaq q'aq Barro P7l*ch97 Broad ndge 30 80 Syo TV  
■tew negro shoulder
n s trw l  FaFerl
M coarse (Productive) 
subang blky
IM/
CaM
ihof>
Silty day 
loam
r v
TV
Sandy day
loam
P coarse subang (produceve) (hot)
blky
M coarse Tierra f tr tl  (hot)
subang blky (productive)
P vcoarse Best for milpa.
subang blky most
productive
Med coarse Best for milpa.
subang blky most
productive
Coanc vcoarse 
subang Wky
The best for 
planting, due to 
mixture
Made
productive by 
ash
P mad
subangular fclky
Calls it 'q ’anulew barrial*
Cornawttsl
*Puro ixiraq'aqulcw' 
Caliente Produces milpa, 
beans, broadbeans. an! 
tomatos Productive.
Call it 'iximulew, mfe cAno 
iximsaqulew" Ii is *a tittle 
more whitish* Still 
productive
Call it 'iximulew*Calls it 'bcnaftrtil* 
Produces all types of crops 
Productive to one meter 
depth
Soils tfwit are between a clay 
loam, and a salty day loam, 
are considered to be the best 
for nulpj (iximulew. for 
example)
Soils that are between a clay 
loam, and a silty clay loam, 
are considered to be the best 
for milpa (iximulew. for 
example)
My notes BtmedA 
Itonxon* Syo A mixture of 
3 types soil amanlla negra, 
arena Best for planting, due 'softer* M x also helps it 
to mixture Needs only o m maintain humidify 
additions
Syo suit The soil will then 
have mere'fuerza*. The 
'arena* helps to make it
Syo still: Also 'qfana chaj 
sanayi*ulew* The ash 
a  inches it. because ii is nch 
in nutrients, like fertiliser
Contains diarcoal or ashes 
3 types soil amanlla arena, 
cenixa. A buried honzon 
Literally a'tierra amanlla 
arenosa con cenixa'
It is poorer than the overlying Has Clay coanns on peds and 
honxon It needs more root tubes. Reddish mottles 
fertiliier Needs a mixture
Q**qNftcw berra PI Pach97 Broad ndge or 0 15 Syo 75Y 25'2(dO  Darkbrown Silt loam 
negra shelf
barrial
PI f a^ch^ r* Broad ndge or 1565 Syo 75YR3'2(<fc) Darkbrown Silty day 
shelf loam
P roed subang wk)
M coarse 
subang blky
Productive
Productive IJlew mx Still has live ui the 
upper part
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KaqthftH SpaaMi PraWi Cm m Pm .
Depth
(cm)
Q'aq I 
barrM
Q'aq atm  ucna 
negra
P3 I*ch97 Cove thalweg 10 to 33
P7l*ch97 Braid ridge 0 30
shoulder
P7Paq97 ? m  0 30
P3Paq9" Note ndge 0  60
l«T M iM lC d ir  Color Naur
Syo 7 5YRJ3 (i) Dark brown
Syo 77?
Jg t 7 5YR4.4(d)
EmMa
JMa
Jgx I0YRT2
EtiMa
JMa
Brown
FITexS
Silty day 
loom
RStrart
Med subang 
Wky
FiF crt
May need a 
hole tnoreom
IM/
CoM
Sandyday Vfgmnularlo The Be* Soil 
loam to loam fine blky
Silty day 
loam
Weak coarse 
granular
Proditfesall (Hot) 
types of crops
Very dark brown Silt loam Vf fine granular Productive
11
A little harder (than the 
topsail) Mace (kfliculUo 
work Perhaps, it needs a 
little more organic matter (or 
fertiliser?).
You need to maintain it so it 
does not erode, protect the 
soil
(Cold) Good for planting •Better 
for vegetables *
I
P4T*q<T Side slope 0  20
P3Pam97 Side si ope 0  40
(5©*)
PI Paq97 Valley Floor (F 130
P!3Paq97 Valley floor 0 50
Q 'aq  Tierra P5Pach97 Concave
iM Njr* negra si deslope?
ufcw arenosa
0 12
Jga 75Y R 34
HmMa
JMa
Dpp 7 5YR43(d)
Jga 7.5YR44 (d)
EmMa
JMa
Jga 7 5YR44(d)
HmMa
JMa
V
Darkbrown Silt loam Vf granular
Brown
Brown
Brown
loam
Loam
Syo
Vf fineaibang 
blky 
Medium 
granular to 
suhang blky
Med granular 
to mod subang 
blky
Sandy day Fine granular Not very 
loam productive
(Cold) This topsoil is good for
vegetables Otherwise, soil 
is poor Needs to be raised 
with weeds, residues, and 
animal manure, and it is 
more like q'aqulew
Jga Muing of two soils 
improves qualities of 
q'anulew, such as moisture 
raoismre retention
Calls it •q'aqulew*.
Soft. poor, no longer has 
much ’fuerza*. due to the 
sand Can be tirade 
productive, but with 'hot* 
fenilucts(20 20 0) 3x/yr 
Normally only apply 2a 
Urea, sulfate don't work If 
not. milpa turns purple, 
w/small ears, wool grow
C i w t s h  2
It is hot. because the sun 
shines here It produces all 
d  asses of crops 
It worrt produce milpa. 
because it is in a humid 
location, where the sun does 
not strike, except at angle. 
Better for forest vegetables 
(cauliflower etc.) Also, 
soil's stoniness makes it hard 
to hoe. Thus, it is left under 
forest, instead of crops
It produces, but only good 
for vegetables, like cabbage, 
radishes Needs a lot or 
preparation 'Cold* because 
it is windy
Call it 'q'aqulew*. or the 
•pnmera tapa*
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Depth l(M /
&
KaqtMkd SpnaMt Prcflk
P6FBCMT1
CattM fM .
Small Nose
(CM )
0 35
M
Syo
MtMMlCwlwr
77?
Cetor N a a t FTText
Loam to clay 
loam
nstrwri
line granular
Fobert
The Best soil
Cald
S i a y f Arena PI PmfH Valley floor 225 258 J*»
EmMa
JMa
10YR4/6 im) Yellowish brown Loamy sand unavailable Unproductive
PIPltq97 Foots] ope 95 123 J * »
EmMa
JMa
10YR7tt Very pale brwon fine sand Coarse granular Unproductive, 
(weak) unless mixed
Cold
Pl4Paq97 Broad nose 
ndge a . shelf
112 140 J*»
EmMa
JMa
7 5YR7j3(d) Pink Sand Coarse whang 
blky
Does not 
produce
(Cold)
PlP*n9? Small dale in 
fir* order 
watershed
80 160 Dpp 7 5YR7/2 Rndiahgray Sandy* 
featured 
volcanic ash
N/A Not productive
Sarnyl'
■dew
Tim a
arcnosa
PURnpT Broad nose 
ridge or shelf
25 45 •I** 7.5YR7»2 (d> Pinkish gray Ijoamy sand C vcoarse 
subang blky 
(hard)
(Does not 
produce)
Q 'm n 'H
afcw
i n v *
■ te w ? )
Tim a
negnuco/
a
P6Plcll<r Small nose 35 65 Syo 777 (could also be 
k'aqtfj. which 
means "caff"
Cliy to clay 
loam
Pine subang 
blky
A quality soil
Q «nr«»-
■few
Tim a
negnuco/
a
P7Pach9T’ Broad ndge 
shoulder
80 110 Syo 77? Clay loam F med 
pnsmati;
PeqMaj- Powdery
■euth*
PJftcW T’ Concave 
sideslope or
0 3 4 Syo 7 5YR4-3 (do Brown V Fmed subang 
blky
Cm u m r Ii  I
Only need to hoc it. plant it. 
weed on time, il produces 
Needs fertiliier. but not
Syo n il :  If you add fertiliser 
before, grows too ranch, and 
susceptible to lodging in
much, applying after already wind Same w/beans Add
germinated fert early, get weedy growth, 
w/fcw beans
Jgx says you often find two 
in this relationship sand 
over day. When 2 mixed.
Era Ma/JMa call it 'saqulew*. 
not 'arena* "It is not 
sanayi* Arena is larger
good for roofing ales (keeps Tieirablanca Sarajroak It
day from sticking) Not 
good for planting unless 
mixed with othet satis
Calls it "nanayi'"
isverygrany This is still a 
soil Better for building, for 
roofing tiles *
Call it "saqpor arenoso* It is 
cold, it is more like arena de
no
The sand that cootanwIt also contains "poma"
(pumice) So. where there is pumice, that has rock in it. 
pumice, it is good for plaster that's a sign of water, that's 
the sign
Called it sanayi'ulcw. I 
believe
Needs more fertiliier than 
overlying, or perhaps earlier
Called it "saqulew barrial*
Syo still It produces well 
enough with carc Qaqq’oj
application Because it has a between "tierra colnrada con
little leas *fueria* than 
topsoil
roja It is darker because it*s 
more "burial* kaqkoj 
means "rojiio". or "ruddy*
Called Kacfaq ulew BarroA hide poorer, due to 
hardness Upon working il. it negro Clay coatings on peds 
softens Very soft, though, and root tubes 
not good for plants l-ot of 
sacnfice. and has problems 
with gallina cicga
Somewliat "suave" Not pure 
"hano", nor pure "negra"
Poq means "suave" (soft)
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Drpth I M /
KaqcHktl Spanish Frank CateaaPse. ( c m )  Inf M a r t C i b i  CMarName FlText iVtruct FaFert Catd Comments 1 C M M M b l
P5Pach9r Concave 165 190. Syo TV Batdy Sobnewtiat tuclti U is soft,
sideslupc or produces but 'poor*. It docs not have
core? any mixture (not a loam)
Kowlaj- Ticna P6l*ch97 Small nose 95 125 Syo 77?
■kw dura
U tiakw , Tiara P2PSch9^ Concave 122 185 Syo 7 5YR4.4 Brown
U t i a K  bsiena. sideslopeor
algo c eft cove?
K ujkfttf*  Cascajo P3Fbch9? Covcthdwcg 33 62 Syo 5YR3/4(iM)
Barra Bvto PfiPecMr Small nose 65 95 Syo 77? 77?
IufMkfe* s ' cascajoso
77? Too hard
Clay loam F mod subang Productive 
Mfcy
SUty day M coarse Unproductive 
subang Wky
Clay to clay Fine aibang Not very
loam blocky productive
§
FYe 'cascajo*. it becomes 
very hard when dry Hardly 
serves for crops
Good for all crops *Uts 
ulcw chi'in tik'on' Not so 
■amanlla*. nor so 'ncgra*. 
somewhat mixed Somewhat W
You c a m s  do anyihing with 
it. When tby, it is hard to 
breakup Diccicnario 
Kaqdxkd says it means 
'fimpobredda la lietra. 
cascajo. abullado (massive)
Also calls it Itaqnlew bamal Syo still Need to weed crop 
Appears preny dose to early, because roots unable to 
cascajo Not very spread to get at nutrients No
productive Doesn't mainlam rain for 6-7 days, crop wdts 
humidity, rbies nut fasl Constantly needs water
Barra RaJnBarro P2Paq97 Foma! ope 123 145 Jgx 2 5YR2 5/3
Rojo
Tierra P3F*ch97 Concave 45 72 Syo 7V  
roja sidtslope or
cove?
Very dusky red Clav Meduan subang Productive Hot
blky
Sandy day Fine pnsmatic 
loam
P3Richy’ Covelhalweg 62 146 Syo 25YR3/2(d)
P9Paq97 Nosendgc 0 24 Jgx 2 5YR32(d)
Dusky red
Dusky red
Silly day Medium Can improve it 
pnsmatic
Sdty clay Med subang
loam blkylsuong.
Gocd for roofing tiles Also Iximulcw. algo barrial (barro
good for milpa. because it caff) Still produces.
softens when wei Can also because it is burdy day
planti it in the dry season if loam
you have imgabon, to keep it
moist Good for milpa. or
other rainy-season crops.
•Puro kaqulcw* Pure 
cascajo Vcryhard.it 
becomes pure 'pieiba* 
Gocd for slingshot pellets 
nothing more
With 2 5YR3/6 (dark redi 
motdes 'Liglit ted day’ 
Becnning very liard Y ou 
can wont it
I can find no comments by 
Jgx an this honion
Cannot even use for roofing 
tiles Not even good (or wild 
plants, since it is so hard
Do not consider this a 
kaqulew. but 'Iximulcw*
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K aq tk ftd  SpawMl
Dvptli
rraWt Cat t in  Pm . (oat
PriPaq1^ 7 Nom ridge 24 69
M  M ante l Calar O h r N a t
Jg l 2 5VR44(d) Dusky red
H T m
day
nstraet
Snongcoxne
tubangMky
IM/
F t f n l  CaM f a — ita li  I
I can find no comments fay 
Jgx on Uiia honxon
Across Nose ndge 
from 9 10
Road HmMa 7? 
slmulder JMa
Kaqa- Tim a
•aaayl'- roja
■kw arcriosa
PU'aq9r7 Valley floor ~3m
P51'achTT Concaec 25 4?
sideslapeor 
cove?
P5P*ch97 Concave 72 107 
sideslopcor
Jgx 2 5YR2S'4im) Dusky rod very Clayey 
dusky red
Syo ?? Sandy day
loam
Syo 7f
Not cohesive
Hardness 
impain crop 
growth
Needs o m , but 
workable
a;
• v j Saqalew Tiena P IPaqT  Valley Floor 225 258 EmMa IOYR4/6(m)
blanca JMa
P9Paq9? Nose ridge 69 155 J p  5VR75'6(d)
EmMa
JM a
White P9Paq07 Nosendgc 110 150 Jgg 5YR7/4(d)
SM1«
Yellowish brown Loamy sand unavailable None given 
lo dark ydlowidi
brown
Strong brown Silly day Strong Co Med V
loam subang Mky
Rnk
regulith
Ibfthly
EmMa weathered
JMa Rock
iRegolith)
R et*ya' Scfude P3P»ch*? Covelhalweg 146 185 Syo 2 5YR2V3im) Very duiky red Clay 
agua
N/A
Parts vf subang More 
Mky productive Uun
overtying
CiwwuW i 2
Do not consider this a 
kaqulew. but "Iximulcw" 
Call it "kaqulew de color 
caff". or “Kaq u*n“ Say it 
has difTcrent color shades: 
some dark colored, some 
pure red. some pink, same 
bluish.
Id s  Red and tan mottling Syo 
still Water doesn't infiltrate 
very easily, due to its 
hardness Needs sand to 
soften it up a little
Probably an iron or 
aluminum oxide day 
*Ticm roja con arena" 
hard to make it produce 
When it dries, it becrraes 
very hard Crop cornea ou 
wilted, and needs constant 
watering
It can be planted with organic Syo still It also only has a 
matter Beginning to turn little bit of sand It needs 
yellow Could also be called organic amendments It 
“tia ra  banrial arcnosa. con un doesn't liarden. you can work 
poco de amarillo* ii
Call it “iximaaqulew", or 
"yujtal ab*aj sanayi" (pioka 
revudio con arena).
Call it "iximssqulcw". or 
“yujul ab'aj sanayi" (pietka 
revudto con arena)
It has more "life* than the 
honxon immediately above 
it It is nearly pure "negra"
It becomes haid, but it is not 
equal to the overly ing 
huh ton
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KaqtMkH Spaakb h u l k  CauaaPw.
y»qto«w , Ticna PJ PacW7 C'oncs*ecm negracon S) deal Ope or
uena cove?
Manca
Depth
(OH) M  Ml!
25 E «  Syo 7>
e lec to r CctarNa FIT cat FtStruct FcFcrt
■let/
CaM
Xaqutow PIPain97 Small dale in 65 80 
small 
watershed
PIPam97 Small dale in 160 200 Dpp 7 5YR5.6lm) 
•mall 
waiershed
Dpp 7 5YR6.2 (s m ) Pinkish grey Sill loam 
Strong brown
Paris vf Pine 
subang Mky
Cultivable. but 
needs work
Sill loam lo Pads vf fine 
day Irani subang Mky
asoo
P*Run97 Sides) ope 155 180 Dpp 5YRS/8(di)
5YR7/6(de)
P5Pain97 Sides) ope 85 110 Dpp
P5PUH97 Sides! opc 110 135 Dpp
X aqab'm  Cascajo P3Pam97 Sides)opc 180 190t Dpp 75YR5>6(d)
piedrosa
M e r it*  Piedra P4Pain97 Nose Ridge 0 15 Dpp
eb'qj picada
Rtsq'ayaal Abono de P3Pam97 Slope Rank O horizon Dpp 
che’ los ( 0 10>
frhotes
Yellowish red to Sandy loan 
redihsh ydlow with hgtidy 
cemented 
concretions
Claydiyd) 
Clay (hyd) 
Strong t f  own loam
Clay to clay 
loam
Ceramets 1
Syo still Translates t  
*tierra negra rcvudta con 
tiena Manca. pero arcnosa*. 
You can use the 'ticnas 
Wane as’ . but not alone You 
need to work them, and mis 
them with other dements
Note: This is probaMy a 
multisequuni profile, where 
an entisol was overlain by 
ash deposits
I
Q'aqulew rachilan saqulew. 
or saqiq'aq sanayi'ulew 
Kven leys fertile than 
overlying bon too Have 
never planted this type of 
soil May produce a little, 
due to die mix w/overlyiitg 
horizon
Blanco, duro Xaqulewis 
still considered a soil, and 
can be cultivated 
Might be because or a 
gopher, which digs a hole, 
pertiaps all the way up the 
hill When runoff comes u 
goes down die hole, and 
cames topsail with it.
Esta dasc es bucna para la 
(nilpa
Calls it *xaq ium  ulew"
Calls it “ta q  qfan ulew"
Contains nodules of highly 
weathered volcanic ash Hit 
root or stone at 190 cm
Me. This is a weathered rock Upper 10 cm or so has a 
flour Pumiccous. ashy slightly darker color, due to
deposits incorporation of organic
matter
Todavfa es el abono. necesita alimentn y se chupa
raientras quc va tracer tiena ese ya esti chupado por eso
ya no va hacer abono, rafc va hacc uena. es la ticna
haccr se pone m is ticna. necesita abona, necesta
entcnces sc pone m is abono. comer 
porque la tiena
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APPENDIX E.2 
LIST OF DESCRIPTIONS PROVIDED FOR SOIL TYPES 
IDENTIFIED BY LADINO FARMERS, GROUPED INTO GENERAL CATEGORIES
&vC
Local Sol
Term
bam
C alm  
ProfUr Poe.
P4LLorrt97 Nose ridge 
shoulder?
Depth
(cm)
36-86
laT
t i c
M aasel Color 
Cobr Name FIText
7.5YR6/6 Reddish Silty clay loam 
w/ 2.5YR3/6 yellow
FK tract FoFert
Hot/
Cold
P4 LLom97 Nose ridge 
shoulder?
86 170 Ck 75Y R 6/6  Reddish 
w/ 2.5YR3/6 yellow
P7 LLont97 
P7 LLom97
Shoulder
slope
Shoulder
slope
47 84 
84-143
t i c
C k
10Y R6f6(d) Brownis Sihy clay loam F-med
h yellow prismatic 
IOYR/6'6(d) Yellowis sihy clay loam 
W/2.5YR3/6 b brown
Barro grts P5 LC dm 97 Small
knoll
105+ Jlu I0R5/2 Weak
red
Clay loam Massive
Barro a u r lo P22
LColm97
Nose ridge 20-35 Jlu &
Eaj
7.5YR3/3
(m)
Brown Sandy d ay  
loam
F-med subang 
Mky
Barro aaauilo P24
LColrn97
Broad 
ridge or 
shelf?
34-59 Jlu &
Eaj
7.5YR4/6
(m)
Brown Clay to d a y  
loam
Destroyed Produces ’hot"
barro arcaoao P4Chii97 Nose ridge 48-80 C k 75Y R 5/6 Strong
brown
Sandy d a y  
loam
PI IC oliiA ? Sideslope 130-142 Jlu 2  5YR3I6 
(m)
Dark red sandy loam
C o w fh  2
D u t  red m onks.
Dark red monies. Harder 
than overlying horizon 
(more clay?).
Hard. Dark red m onks.
Highly weathered volcanic 
ash.
Calls ii ‘bano  amarillo 
arenoso (segundo suek>).
Calls it B ano (comicne una 
poca de arena). It contains 
a little 'a re n a ', but it is 
more 'barro*.
Called 'b a n o  con arena*
Inclusions of 2.5YR5<4 
(very dusky red) clay loam
P6 LColm97 Cove 45-70 Jlu 5 Y R 7/land  Light clay Massive Does not 5Y R 66 (reddish yellow)
talweg 6 '4 (w ) gray produce mottles.
P5Chir97 Valley 89-150+ C k 2 5YR3/3 Dusky Clay loam m-vcoarsc
floor (m) red subang blky
PIO Foot si ope 112-175+ C k 7  5YR4‘3 (dy Dark Clay loam Coarse Parts to  medium
Ll.orrf/7 brown prismatic subangular blocky.
PI LColm97 Sideslope 15-30 Jlu 7.5YR3/4 Dark clay to  sihy Med subang •Pobre'
(m) brown d ay  loanm Mocky
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Local Sol 
T e n
bturo negro
a» _ _ ^a_ITOIIH
PI3
i r o ln f l ?
Calraa
Pos.
Valley
floor
Depth
(cat)
60-106
laf
Jlu A
K»j
MbmcI
Color
5YR4/3:4/4
<di)
Color
Reddish
brown
FTTcnt 
Clay loam
retract
M-coarsc 
subang Mky
FoFert
Poor (poor)
Hot /
Cold CoHUKItS 1 Coaatneats 2
Does not produce, it is loo Says it is poor. It is a  mix 
poor. o f ’barro* coo ticrra
polvilta. or perhaps better 
to  say ’barro negro con 
polvillo’ .
PI3
IX’olirOT
Valley
floor
165-200 Jlu A
Eaj
5YR3/2(m ) Dark
reddish
brown
Clay loam M-coaise 
subaag Mky
Does not 
produce 
(good)
Calls it ’barro negro’ . Calls it ’barro saugre de 
chivo’ . It still has ’fuerza' 
because it still contains 
’sangre de chivo*.
Barro coa 
ttrrra ncgra
P19
IX 'olnfl?
Broad 
ridge or 
shelf
15-35 Jlu A
Eaj
$ 2 f Dark
reddish
brown
Clay loam M-coarse 
subang Mky
Produces all 
crops 
(produces)
’Barro ac hoi ado* = color 
o f an Amerindian (refers 
to a reddish brown color?) 
Produces as well as the 
topsoil
Calls it ’bano revueltocot 
ticrra ncgra’ . It produces
Barrogrtacon P6LC olm 97 
barro negro
Cove
talweg
8  to  45 Jlu 5YR3/I (m) Very
dark
gray
Clay loam M-coarse 
subang Mky
Produces Good for milpa, 
productive. Contains 
IOYR7/1 (light gray), and 
5YR6/6 (reddish yellow)
mottles.
barro negro 
are none
PI3
IX'olirt97
Valley
floor
30-60 Jlu A
Eaj
5Y R25/3
(m)
Dark
reddish
brown
Sandy clay 
loam
Produces
(well)
Still produces. A quality 
soil, l ie  says it has more 
’ fuerza* than the topsoil.
’Barro negro*. Not pure 
barro. it contains a  little 
ticrra negra. Contains no 
’sangre de chivo*.
Barro acgro 
pohoao
P4Chit97 Nose ridge 0-27 Clc IOVR4'4(d) Dark
yellowis 
h brown
loam m-coarse 
subang Mky
Called it ’bano  polvoso 
enlre ticrra ncgra*.
Barro poivoao P3Chii97 Rank
slope
20-65 Clc 7.5YR4/4
(m)
Dark 
yellowis 
b brown
Silly clay loam
P3Chir97 Rank 
slope
PI IX anffl Nose 
profile
P2 Ll-omO? Nose 
profile
P4 Lljomfl? Nose ridge 
shoulder?
65-150+ 
10 to  44 
6  to  30 
16-36
Clc
Clc
Clc
Clc
5YR4/6
2.5YR3/56
(d)
Unavailable
5YR4/4(d)
Yellowis Silty clay loam 
h red
Dark red Silty clay loam
Reddish Silty clay loam 
brown
Med subang 
Mky
i vcoarse subang 
Mky
i vcoatsc subang 
Mky
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Local Soli Catena Death MameB Color
Term ■w- Q—tTOOK Po*. (cm) Inf Color Name FIText ITS tract FoFert
Barro potvoea P22 Nose ridge 35-85 Jlu & 7.5YR3/4 Dark Sandy clay F-med subang
U ’olm97 Eaj (m) brown loam Mky
P24 Broad 59-100 Jlu & 75Y R 4/4 Brown Clay to  clay M-caarse Poor, needs
LCdrH97 ridge or Eaj (m) loam subang Mky help
shelf?
Bano
C olorado
PI Coltrff7 Sideslope 30-58 Jlu 5Y R S6 Yellowis silty clay loam Med-coatse
P IC olm 97 Sideslope 58-78 Jlu
P4LC drrt97 Cove
Ulweg
95-152 Jlu
h red subang Mky
5YR3/4 and Yellowis Sih loam Coarse subang 
5YR5/6 h red Mky
5YR3/2(tn) Dark Clay loam M-coaise
reddish subang Mky
brown
Does nor 
produce
*
P5 |jC olir87  Small 
knoll 
(ridge)
45-1US Jlu 10R3/6(m) Dark red Clay loam Massive
b a n o s a a g ie  P I3  Valley 106-165 Jlu &  Unavailable
d e  c h h e  !X’olm97 lloor Eaj
Docs nor
produce
(produces)
P I9
lX olm 97
Broad 
ridge or 
shelf
35-54 Jlu  & Unavailable
Eaj
Produces
(Produces)
Calls il "tieiTa suclta. color A mixture o f polvillo- 
amarilla (tercet suclo 6  harrial (ou the right), 
capa).
It needs help to be made 
productive. It is frio, even 
though it is  a  "bano*. This 
Is because it is  "sueho*. it 
has no ‘fuerza*.
W ool produce because it's Erosion will expose these
in the subsoil O.M. subsoil layers, which are
additions needed to make less productive, and harder 
it productive. to make produce.
Appears to be a  highly 
weathered volcanic ash. 
weathered to  a day-like
consistency
Calls it "bano cafd*. It produces well. It
contains no  'polvtllo*. It is 
a different type o f soil. 
Sticky, 'ticrra  polvilla’ is 
not.
It produces, since it is near Both call h  ‘barro sangre 
surface. If you removed de chivo*.
top layers, you would need 
to  hoe it. since it is clayey.
Produces near surface 
(Role of o.m. important- 
see notes). Hoeing mixes 
with overlying horizons.
Also good for *tcja* and 
‘ ladrillo*.
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&N>
Local Sol 
Term
barro laagrt 
de chivo
ProfBe
PI9
IjColm97
Catena
Paw
Broad 
ridge or 
shelf
Depth
(cm)
SI-75
P I9
|jColm97
Broad 
ridge or 
sbeir
7 S I2 5
Barro Sangre 
de Chivo c o b  
Tlerra Ncgra
P13
LColm97
Valley
Floor
0-30
B b i t o  are rads PI LColm97 Sideslope 78-130
P3 LColm97 Nose ridge 95-135+
P2I
LColrri97
Cove or 
concave
80-133
I l f
Jhr&
E»j
Eaj
J lu /
Eaj
sideslope
Eaj
Mamel Color 
Color N ik  FITexI
5YR4'6(di) Dark ( la y  to  clay
reddish loam 
brown
brown
7.5YR3/3 Reddish Sandy k n m  
(m) brown
brown
V
<di) loam
P2I Cove or 133-165+ J |u &  5Y R3/2(m ) Dark
LColm97 coocavc Eaj reddish
sideslope brown
Barro 1*23 Nose ridge 20-43 Jlu & Unavailable
A atelrorhado IA’olm97 Eaj
retract
M-caatse 
subang Mky
Medium
prismatic
M-coatse 
subang Mky
Coarse subang 
Mky
Coarse subang 
Mocky
Coarse subang 
Mocky
Hot /
FoFert Cold
Doesn't 
produce (Still 
produces)
V
Produces all 
crops
Produces 
very little 
(produces)
(produces)
Good soil
Comments 1 
Calls it 'barro  arenoso 
pilido*. This, and all of 
the horizons belotv it no 
longer produce.
'Prim er suelo abonado*. 
You can still improve it. 
Not hard, nor very soft.
You can hoe the furrow to 
guatd humidity.
Highly weathered rhyolitic 
ash that is lightly 
cemented.
Produces, but very little. 
Plants don't grow very 
large, due to  hardnes. It 
will produce if it is at the 
surface, where it has been 
worked, and has more P 
from fertilizer and o.m.
additions.
Also calls it ban o  accrado 
'co lor de sangre 
agramado*.
Calls it 'ticrra barillosa 
suelta* Good soil, equal 
with the topsoil.
Comments 2
It still produces.
Says it has a little bit 
different color, but is still 
called 'sangre de chivo'.
Good for all crops. Only 
needs to  be hoed to 
produce, since it is nixed.
Calls it 'b a n o  acerado con 
sangre de chivo*.
Says all horizons in this 
profile produce, because it 
is a mixture (more of a 
loamy soil). The best 
fertilizer for these soils: 
16- 20- 0 .
Calls it 'b a n o  amekocfaado 
revuchocon piedria' Says 
it might also be called a 
'b a n o  acerado*.
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T « a
Barro
Tirrra
Profile
P23
L C olnti?
Catena
Pot
Nose ridge
P22
LColm97
Nose
profile
Depth
(cm)
4^-70
In f
Jlu A
Eaj
Maasel
Color
7.5YR3/4
(m)
Color
Dark
brown
FiTcxt 
Sandy clay 
loam
85-135+ Jlu A  5Y R 4/4(m ) Reddish Sandy sib 
Eaj brown loam
FK tract
Parts f-med 
subang Mky
F o F ert
Boor
H o t /
CoU C o a w ib  1
Hard. Pumice o r welded 
tuff fragments common. 
Calls it 'b a n o  cafe 
(pobre). Unproductive.
Ticrra amarilla 
amelcocbada
B o iro c o a P7LLom 97 Shoulder 143+ Clc I0YR7/4 Very Silty clay loam Vcoarse
eanc^jo slope wi 5YR5i8 pale
brown
subang blky
s a a p e d e PIChir97 H ank of 36-85+ Clc 2.5V R3/6(d) Dark Clay f-med subang Sam pkd w/bucket auger.
chivo concave
slope
yellowis 
h ted
blky Hard
t ic r ra  n cg ra P3Chit97 H ank 0-20 Clc 5YR3/3 (m) Dark Silty d a y  loam m-coarse Called it 'tic rra  ncgra de
b u r i a l slope reddish
brown
subang blky bano".
P7LLom 97 Shoulder
slope
0-18 C k 7.5YR3/2
(m)
Dark
brown
Sih loam Coarse subang 
blky
Parts to f-med subang 
blky. Actually. C k  called 
this "lterra ncgra ' or 
*tierra batrial revueha con 
btoza*.
P7LLotn97 Shoulder 18-47 Clc IOYR5/4(d) Yellowis Silt loam Medium
slope h brown subang blky
P8LLom 97 Shoulder 0-20 C k IOYR5/4(d) Yellowis Silt loam C-v coarse Calls it 'tic rra  ncgra
slope b brown subang Mky revuelta con bano '.
P9LLom 97 Valley 80-115 C k 7.5YR3/3 Dark Sih loam medium (Barro negro).
floor (m) brown subang blky
C om m ents 2
Same as the overlying 
horizoo.
Barro revue Ito con talpetate 
(ticrra amelcocbada). It is 
becoming something more 
like 'b a rro  amelcochado*.
It is called this because it is 
caliente. W hen the sun 
strikes, it hardens. When 
moist, it sticks to  hoe, like 
a  type of sticky sw eet
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LacaiSob 
Te
b u r i a l
tk m a q p a
bu rial
PIO
L loa ffl
Depth 
Poa. (cm )
Foolstopc 80-112
M u it l  Color 
faf C dbr Naan
C lc 75Y R 3/3 (d ) Dark 
brown
PI LColm97 Sideslope 0-15 Jlu  7.5Y R4/4(d) Brown
ticrra aegra 
barrlal
FTText FB tract
Silty clay loam V coarse
subang blky
Sihy clay loam m-coarse
subang blky
P4 \£vAntn Cove 85-95 
t a la tg
Jlu 7.SY R2.52 Very 
(m) dark 
brown
Clay loam
P6 LColiri/7 Cove 
lalwcg
P2I Cove or 0-14
LColmOT concave 
sideslope
P2I Cove or 14-42
LColnOT concave 
sideslope
0-8 Jlu  5 Y R 5 'l(d )  Gray Sih loam
Jlu Sl Unavailable
E*j
Jlu 4  7.5YR2.5'3 Very Clay loam
Eaj (m) dark
brown
FoFert
Normally
poor
f-med subang 
Mky
M-coarse 
subang Mky
M-coarse 
subang Mky
Hot /
CoU
Does not 
produce
Produces well
Produces
(Very
productive)
Produces
tepid
Parts to  line to  medium 
subang Mocky. Says it is 
'harder than ticrra negra, 
but negro todavla*.
The fanner inters crop 
residues, and adds cow 
manure. Normally poor. 
O.M. additions belp 
maintain fertility and tilth 
Otherwise, th is soil will 
stop producing.
Ticrra bu ria l produces, 
but oaly when near 
surface. W ont produce as 
is, but will with am . 
additions.
Very good for milpa 
production.
It produces all crops.
Hoeing m ires it with the 
overlying layer. The 
upper layer appears finer- 
te tturcd  (or structured) 
because it gets hoed more.
P2I Cove or 
LC dm 07 concave 
sideslope
P22
LColm97
P24
LColm97
Nose
profile
(nose
ridge)
Broad 
ridge or 
shelf?
42-80
0-20
Jh i&
Eaj
7.5V R3/2 
(m)
Dark
brown
Sihy clay loam parts vf-med 
subang Mky
Jh i&  7.5Y R4/4(d) Brown 
Eaj
Sandy clay 
loam
17-34 J l u 4  5Y R4/4(m ) Reddish Clayloam - 
Eaj brown sandy clay
loam
F-med subang 
Mky
Not as It is becoming poorer, not
productive as good as the top two
horizons No longer 
produces.
(good) (A little Called it "tiena ceniza 
’hot*) media barrial (primer 
suelo abonado).
Vf-med subang Still Produces Regular 
Mky
C o a u n e n ts2
It is very productive.
Nearly as productive as the 
overlying horizon, bat a 
little l e s  productive. It has 
a  little more clay.
Considers it to  be the same 
as the overlying horizon.
It is good. Because it is 
mixed (with barro), it is a 
little 'h o t '
It is sticky. Still 
productive The "barro' 
below it is a little 'bolter*.
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ICD
L ocal S o l C a te n a D epth
T erm P ra f le Pow (CHS)
B e r n  negra 
barrio]
P5Chii97 Valley
floor
0-50
B e rra  ncgra P5Chit97 Valley
floor
50-89
P9LLom 97 Valley
floor
0-80
PIO
LLom97
Footslope 0-80
P3 LColm97 Nose ridge 0-20
P4 ljColm97 Cove
talwcg
0-30
P5 IX’oltrfl? Small
knoll
(ridge)
0-14
P I9
LColnl97
Broad 
ridge or 
shelf
0-15
P23
LColir67
Nose
(ridge)
profile
0-20
P24
LColm97
Broad 
ridge or 
shell?
0-17
M o n a d  C olor 
l a f  C olor N o o k  FTText
Clc 75Y R 2.V 2 Very Loam
(m) dark 
brown 
Clc 5YR2.5/2 Dark
reddish 
b o m
Clc IOYR4/2(d) Dark loam
grayish
brown
Clc 7.5YR4/3 (d) Brown loam
Jlu 7.SYR 5/4(d) Brown loam
Jlu 7.5YR3/2(d> Dark Sih loam
brown
Jlu 7.5Y R4/3(d) Brown loam
Jlo &  7.5YR3/3 Dork SaodycU y
Eaj (m) brown loam
FKtract FoFert
fioc-modium Produces 
subang blky
Coaustata2
Silty clay loam f-med subang 
Mky
f-coarae 
subang block)
C a u se  
granular 
Parts fine 
subang Mky 
Parts vf-med 
graaular 
P tov f-fine  
subang Mky
J l a l  Unavailable 
Eaj
Jlu &  5YR3/3(m ) Dark Sandy clay 
Eaj reddish loam
brown
Produces
Produces all 
crops 
(produces)
Produces all 
crops (vet)' 
productive)
Readily pails fo  vf- 
granular.
*La primera ticira 
abonada*
It produces because it is 
newly planted, and is 
t i c n a  negra*.
'P rim er suelo
abonado/iierra negta
sue ha” Contains organic
materials.
Calls it T ic rra  negra*. It is 
soft, easily workable, even 
during the dry season. It 
isn't bard, it produces.
Regular Calls it t i e n a  negta con V ery productive. Not very 
buena natuialeza". Good 'cold*, nor very 'hot*, 
for "mafz Men adelantado Needs 16-20-0 o r 20-20-0, 
(granudo), herbs, all types but mixed w/urea.
of crops, including bags
far coffee seedlings.
Vf-med subang 
Mky
Produces Clima
Regular
Nor mixed (doesn't slick). 
Not 'hot*, nor 'cold*. All 
chem  ferts. work.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
Lm iI M  Catena Depth M n r i  Cuter H ot/
T ens Praflfe P m l  ( c m )  I of Cater Naane FITert FIS tract FoFert CoU
tk rra  negra P2 LColrn07 Nose ridge 14-30 Jlu  7.5YR6/3 (d) Light Poorly sorted destroyed by
area—  brown sand augenng
P2I> Nose ridge 0-15 Jlu  & 7.5YR3/2 Dark Sandy loam
LColrrt97 Eaj (m) brown
F-med subang Produces 
blky
P7 |jC'olm97 Nose ridge 0-35 Jlu A  5Y R 4'4(d) Brown Sandy loam f-tned subang
(sideslope) Eaj blky
P 4 l£ 'o lm 9 7  Cove 
talweg
30-46 Jlu 7.5YR2.5'2 Very 
(m) dark 
brown
Loam Parts to  vf- Not as
fine subang productive as
blky overlying
Tlerra P4 LColm97 Cove 
talweg
46-85 Jlu IOYR3/4(m) Dark Sandy clay 
yellowis loam 
b brown
PI LLom97 Sideslope 142-152+ Jlu 2.5V R4/6 Dusky 
red
Parts to  vf- 
fine subang 
blky
Sandy loam
Does not 
produce
P6LColtrt97 Cove
talweg
125-140 Jlu 5Y R6/4(m ) Light 
reddish 
brown
Sandy clay 
loam
alensc
T krrade
-an------CMCgi
Prafllr
PlC hit97
Catena
PM* 
Flank of 
concave 
slope
Depth
(cm)
0-36
la f
C k
M aasel Color 
Color N aac
7.5YR4i6 (d) Strong
brown
FTTcat 
Sandy loam
FIS tract
vf-fine
granular
FoFert
Does not 
produce
H ot/
CoU
Comments 1
Contains particles that 
appear to  be muscovite or 
volcanic glass Contains 
small pumice fragments. 
Called it "tiena ncgra 
arcnosa with arena 
Haoca*.
Also ca lk  it "La premera 
tiena quc nunca ban 
trabajado".
C a lk  it " k  primera ticna 
abonada", or "el primer 
suelo abooado".
Nat quite a sandy loam. 
Doesn't produce as well 
as overlying harizoo. 
Cored where fatm eis bury 
residues, and mix in this 
layer, as well. Also good, 
not much worse than 
overlying.
Does not produce.
C a lk  it "roca/liena 
arcnosa"
COasmeats 1
Needs o.m. added to 
produce. lirodcd profile. 
Clc says t n / t n  bareial 
was original topsoil. The 
soil on his plat, uphill 
from here, more pfod 
since he dressed it with 
o .m
Comments 2
It produces, becam e it k  
more (ticna) negra than 
(tiena) arcnosa.
Comaaents2
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LocUSol Catena Depth Maneel Color Hot /
Term PiaOe PM. (cm) InT Caiar Name FITert FIS tract FoFert CoU Commentsl
Arena P2LColm 97 Light 30-44 Jlu 7.5Y R6/4(d) Light sand Bordering on reddish
amarUa brown brown yellow Similar overlying
horizon, except it has k ss
of the whitish pumice
fragments.
Arena catt P2 lX’oltrf/7 None ridge 55-90 Jlu 7.5Y R4i6(d) Strong Sand Finer partick  size than the
browa overlying horizons.
Contains lenses o f 'arena
Nance’
Arena P4Chir97 None ridge 90+ C k 10YR8I2 (d) Very Very pale brown to  white
pic dr agora p ak weathered pumice deposit.
brown
L acdSol Catena Depth Maaael Calar H ot/
Term Profile Pm (cm) inf Color Name FITert FK tract FoFert CoU Commentsl
tiena negra PI LLom97 Nose 0-10 C k 5Y R 4'4(d) Reddish sih loam m-coarse None.
p h t u profile brown subang blky
(potvUa)
P2LLOIM37 None 0 6 Clc Unavailabk
profile
nXXoaffJ Nose 0 2 0 C k 7.5YR4/4/ Brown Loam vfine-fine About 5  m behind roadcut
ridge?? (d) subang blky is higher profik , ~2 m
thick. H u d  to  tell if this 
was original surface, or if 
it is a  terraced cut to 
maintain integrity of 
roadcui. O .M .-ricbA I 
suggests present surface is 
original. PS uphill has 
110cm topsoil.
P4 LLom97 N<*e ridge 0-16 Clc 7.5Y R3/3(d) Reddish Sihy clay loam vcouse subang 
shoulder? brown blky
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L nlM
T erm
tierra ncgra
(p rtvB n)
P8LColnl97
Catena Depth Maaaefl Color
Poe. (cm) l i f  Color Naaar
Ridge 0-13 Jlu & 7.5Y R5/2(d) Brown
Faj
FTText 
Sill looin
P9LC olm 97 Ridge 0-28 Jlu 7  5Y R4i4(d) Brown Loom
T te rra  pn lvB a Sample I Broad vale surface Eaj ??
C M th r r a
T i m a  p e M la  P2LCdm f97 Nose ridge 90-115 Jlu 75Y R 3/3 Dark Clay loam
T le n a p a h w a  (m) brown
P2 C C dnf)7  Nose ridge I I5 - IS H  Jlu 5Y R4/6(m ) Yellowis clay loam
h red
P19 Broad 125-145 J l i&  May not be
IT o liiA ?  ridge or Eaj valid
shelf
P I9  Broad I45-IH0 J la &  May not be
LC dm 07 ridge or Eaj valid
shelf
FIS t r a c t  
f-med subang 
Uky
Med subang 
blky
f-med subang 
Mky
f-med subang 
Mky
F o F ert
No produce
H o t/
Cold Comments 1 Commenta2
Calls it "primer suelo", or Calls il t i e n a  pdvilla 
"primers tiena*. abonada*. This topsoil
abonado/a poKillrv'a (needs at least 30 cm) too
thin to  produce (rapidly 
loses fertility), even 
w/fertilizcr. O.M. causes 
fertility it has. Can be 
made productive only with 
plenty time & labor.
On same ridge as 
P8|jColm97
Produces well. This type 
o f "pdvilla" produces.
V etypoor (Caf<) Contains whitish
panicles (pumice?) 
interspersed throughout 
Even poorer than 
overlying horizon. Notes 
Out lighten-colored soils 
need lots of o.m. additions 
(residues, animal manures) 
to be made productive.
(produces)
Calls it "ticrra polvillo 
amarilla*.
Calls it "ticrra polvosa 
amarilla*.
Calls it T iena polvilla". 
Very poor. This soil no 
longer produces.
Calls it 'lierra  polvillo con 
"sangre de chivo*. It has 
"fuerza* This is still 
pdvillo , but conu ias 
"sangre de chivo". So is 
mixed with something else, 
making il productive than 
overlying, which isnY
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LocalSofl C ik ii Depth M ansd Color H ot/
T a n a r f iO B Pea. (cm) u r Color Naaae FTText ITS tract FoFert CeU Cammrati 1 Commute 1
T k rta p M h  P2Chii97 flank  of 0 4 0 Clc 10YR4/4 (d) Brown loam Med subang Plow layer. Owner buries
Tlerra potvnaa coocave
slope
Mky crop residues, and works 
in cow, horse, and pig 
manure.
P2Chii97 Flank of 
coocave 
slope
Catena
40-70
Depth
Clc 7.5YR4/4
M Basel
Brown
Color
Sihy clay loam f-med subang 
Mky
H ot/
Easy to  excavate.
Profile Pew (cm) In f Color N m k FIText FBtrnct FoFert CoU Ceounratsl C o u M b l
P2Chit97 Flank of 70-150+ Ck 5YR3I4 Dark Sihy clay loam Med subang
coocave reddish to d a y  loam Mky
slope brown1!h- P3 IX’olm97 Nose ridge 20-95 Jlu 7.5Y R8/2(d) Pinkish Loamy sand Also called h  tiena
2/7.5Y R7/8 white polvillo bUnco*. Reddish
yellow mottling (rare). At 
60  cm, encountered highly 
weathered pumic deposits 
Darkens towards base.
PS LCclm97 Small 38-45 Jlu Unavailable
knoll
P20 Nose'ridge 105-170 Jh iA  7  5YR8.T (d) W hile Fine! 
LColm97 Eaj
Has no use. other than for 
coffee seed ling , when 
mixed with manure. 
Gravilea. cypress, pine).
It is wooded uphill form 
this rondcul Trees don*! 
need soil w/ o.m.. as long 
as it is soft enough to 
allow root growth.
It only is good for 
"repello". Both these 
farmers referred to it as 
"tiena polvilla Manca"
T le rra M a n c a  Sample 2 Broad vale surface Eaj V Downslope (southeast) 
from Sample 1. Produces 
well. Normally, tiena 
arennsa does not produce.
470
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Local Sol Catena Depth M onad Color H ot/
Terns ■ x -  - a n a .rrom e Poe. (CBS) Inf Color Nome FTText FIS tract FoFert COM Comments 1
Talpetalr P I9 Broad 180-200+ Jlu & May not be Calls it 't ie n a  amarilla
LC’olm97 ridge or Eaj valid? arcnosa*.
shelf
F20 Nose ridge 15-105 J l u& 5Y R5/8(di) Yellowis Loamy sand Coarse platy- Can produce Cascajo/talpetate. Can
LColm97 Eaj b red matrix prismatic with work make productive, but only
Comments}
Hard. It will produce if
you work it with a  maitox 
You can improve it.
in small parcels (-1 /4  ca.). thoroughly. Makes the soil
by deep hoeing, adding 
residues. A lot o f work, 
but can in small 
increments. W hen soil 
erodes to talpetatc, it is 
then abd. Why one needs 
to  take cate  not to  lose 
topsoil
softer, more workable. If 
not, it is  only good for 
forest.
Tlerra negra 
can ca n tja
S3
P3LLotrt97
P 3L L on«7
Nose
profile??
Nose
profile??
20-50 Clc 7.5Y R3/4(d) Dark 
reddish 
brows
Silt>'loam
50-80* Clc 7  5YR8/4 (d) Pink w/ C oaisesand 
wV2.5YR3/6 dark red (pumice)
(d) cement
Ughtly cemented coarse 
saud. Crumbles readily. 
Appears to  be a C horizon.
C a th o d e P9LLonl97 Valley 
floor
115-151) C k  7.5YR3/3 Dark Sandy loam or
(m) brown sih loam
Contains lightly cemented 
nodules (abundant).
Tafrrtntr
Setecto
P22
LColmOT
ProlUe
P8 LColm97
Nose
profile
Catena
P on
Ridge
R oca a u d r e  P8 LColm97 Ridge
86-120 J litA  IOYR3/4(m) Dark Sandy d a y
Eaj yd low is loam to  Sandy
h brown sih loam
Depth M ansel Color
(cm) Iaf Color N aat FTText FIS tract
13-26 Jlu dk 7.5Y R7/2(d) Pinkish Sandy loam F-med subang
Eaj gray blky
26-100 Jlu & 7.5YR8/I (d) White Sandy loam
Eaj
"hot"
F o F ert
Called it *talpclale*.
Calls it t i e n a  polvilla' 
Volcanic ash deposit. 
Note: about 10 m back 
towards village, 'prim er 
suclo a bo oado was 28 cm 
thick.
Calls it 't ie n a  polvilla’
Says it's only good for 
plastering walls.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
Local Sol 
T«
Ra
ProMr
P9LColm 97
Catena
P«L
Ridge
Depth
(no)
28-45
la f
Jlu
M iasd
Color
5YR5/6 (d)
Color
Nam  FTText
Yellowis ?? 
h  red
T terra P23 Nose ridge 70-200+ J l u& I0YR7/6 Yellow
p i t d m i  IX'olm97 Eaj (ini)
iSN)
F R  t r a c t  
Med subang 
blky
H ot/
FoFert Cold Coouaeats I Coauarats 2
Calls it *roca tiena* This is the same as wbat be
called t i c n a  polvilla from 
P8LC olm 97
Weathered dacitic welded C a lk  it t i e n a  cast polvilla, 
tuff. Very hard 1‘e-oxidc revueha coo piedrfn*. 
stained. "Color crema*.
Has no use.
APPENDIX F.t 
SEPTEMBER 18 COMPARISON OF MAIZE 
PLANT HEIGHTS, TO DEMONSTRATE 
EFFECT OF ZACATON COMPETITION
SEFERINO'S MILPA 
Maize Heights (cm) 
Curva 1 Curva2 Curva3
Row  1 Row 2 R ow  3 R ow  1 Row 2 Row 3 R ow  1 Row la R ow  2 R ow .
(nearest (2nd fro m (acroaa (Acroaa (Acroaa
cu rva) cu rv a) zan ja ) Zanja) zan ja )
165 110 209 126 155 205 145 140 250 145 240
170 140 230 130 145 180 160 170 230 160 220
125 122 235 105 140 190 190 200 185 190 190
112 120 200 108 120 220 160 160 200 160 140
84 90 230 120 140 210 163.78* 130 160 140 250
95 100 170 120 130 230 166.66 160 170 210
140 138 205 110 160 200 240 145 200 250
155 150 190 167 141.43 230 220 180 160 180
160 180 220 140 220 190 200 130 250
135 150 230 130 220 140 220 161.67 250
120 180 250 150 230 250 170 250
122 180 210 170 210 210 166 250
112 160 250 140 220 250 190 240
120 150 250 125 180 180 200 240
90 168 250 125 230 250 200 250
60 160 240 135 240 250 160 230
90 140 235 ISO 220 250 215 200
122 195 245 190 250 250 185 250
88 178 250 250 250 240 165 230
119.21 180 250 200 240 240 220 185
135 250 210 240 230 145 200
170 250 195 250 230 195 160
180 170 200 230 200 190 160
181.13 240
250
2 2 8 J6
200
172
130
140
230
250
250
190
22SJB ** 220
220
230
180
145
180
200
220
82% 66% 120
150
160
220
22268
170
160
19663
170
166
190
*166-146 cm  from  zaca td n  planting  
**n216 cm  from  zacatrin  p lan ting
130
135
1 8 1 J7
68% 64%
M%
200
200
160
215
185
165
220
145
195
190
220
220
230
180
170
160
263.28
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APPENDIX F.2 
SEPTEMBER 18 MEASUREMENTS, 
AVERAGED ACROSS ALL 3 CURVAS
MAIZE HEIGHTS (cm)
0<d<l00 100<d<200 d>200
165 200 110 209 190 220
170 160 140 230 140 220
125 130 122 235 250 230
112 170 120 200 210 180
84 90 230 250 170
95 7268 100 170 180 160
140 660 138 205 250 240
155 142 150 190 250 220
160 65% 180 220 250 195
135 150 230 250 190
120 180 250 240 220
122 180 210 240 145
112 160 250 250
120 150 250 230 11724
90 168 250 200 11621
60 160 240 240 23*6
90 140 235 220 216.68
122 195 245 190
88 178 250 140
126 180 250 250
130 135 250 210
105 170 250 250
108 180 170 180
120 155 240 250
120 145 250 250
no 140 205 250
167 120 180 250
140 140 190 240
130 130 220 240
150 160 210 250
170 145 230 230
140 160 200 200
125 190 230 250
125 160 220 230
135 145 220 185
180 160 230 200
190 190 210 160
250 160 220 160
200 140 180 145
210 170 230 180
195 200 240 200
200 160 220 220
200 130 250 170
172 18647 250 166
130 72% 240 190
140 240 200
120 250 200
150 230 160
160 230 215
130 250 185
135 250 165
140 190 220
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APPENDIX F.3 
MAIZE HEIGHT MEASUREMENTS 
MADE ON OCTOBER 12,1996
S.C FROM EROSION COMPARISON
CURVA ONE
R ow  1 Row 2 Row 3 Row 4
•A1 Row  6 R ow '
2.4 2.5 3.47 2.8 2.7 2.6 2.8
1.7 2.1 3.4 3 3.4 3.7 2.9
2.1 2.5 3.4 2.7 3 3 3.4
1.6 2.6 2.6 3.4 3.1 3.4 3
2.3 2.9 2.8 3 3 3.4 3.1 3.1
1.7 3 3 3.3 3.4 3.4 3.4
1.6 3 3.4 2.6 3.4 3 3 2.4
2.9 3 3.4 3.1 2.5 3.1 2.9
2.5 2.6 3.4 2.6 3.2 2.6 3.1
2.7 2.9 3.4 3.4 3.4 3.1 3 3
1.1 3 3.4 3.4 3.4 3.2 2.9
2.4 2.8 3 3.1 3.2 3.1 2.7
2.4 2.7 3.4 3.4 3 2.9 3.4
2.1 3 2.6 3.4 3.2 3.3 3.4
2.1 3.4 3 2.8 3.4 3.4 2.9
1.7 3.6 2.6 3.4 3.4 3 2
1.9 3.9 2.8 3.4 3.4 3 3 2.4
1.7 3.47 2.7 3.2 3.4 3.4 2.4
1 1 9 4 2.9 3 3.4 3.4 2.5
1.4 2.7 3.1 3.4 3.4 2.9
1.6 3.17+ 3.4 3.4 3.4 2.9
1.5 3.3 3.4 3 3 3.2
1.7 3.4 3.4 3.1 3
1.5 3 3 3 3.4 2.6
1.9* 3.4 2.8 3.4 2.9
3.4 3 3.2 3
3 J 2 2.8 2
3 3 3.17+ 1 2 * * 2.2
3.2 2
2.9 181
1 1 8 t
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S.C FROM EROSION COMPARISON
CURVA TWO
Row 1 Row 2 Row  3 Row  4 Row  5 R o w * Row  7 Row 8 Row  9
1.9 2.7 2 3.4 2.5 3 1.7 3.4 2.6
2 3 2.5 3.4 3 2.8 3.4 3 3.1
1.7 3 2.2 3 2.9 2.5 3.4 3 2.5
2.5 3 3.4 3.2 3.2 2.7 3.4 2.6 2.8
2.4 3 4 3.2 3 3.4 3 3.4 2.8 3 3
23 2.8 2.8 2.9 3.4 3.1 2.6 3.2 3.2
2.6 2.9 3 2.6 3 3.1 3.4 3.4 2.8
2.3 2.2 2.2 2.9 3 3 3.1 3 2.8
2.1 2 3.4 2.6 3.2 3.4 3.1 3.4 2.9
2 2.8 3.1 2.9 3.4 3.1 3.4 3.4 2.8
2 3 2.6 3.4 3.4 3.4 3.2 3.4 3 3 2.7
1.5 2.5 2.7 3.2 3.4 3.4 3 3 3 2.1
1.7 3.4 3.1 3.4 3.2 2.7 2.6 2.4 2.3
1.7 2.8 2.9 3 3.1 2.8 3.4 2.7 2
2.1 2.5 3 2.6 2.6 3 2.6 3 2.7
2 2.9 3.4 3.4 3.4 33 2.9 3 2.2
1.6 2.7 2 4 » 3.2 3 3 3.3 3.4 2.4
2.2 2.6 3.4 3.4 3.4 3.4 3.1 3
2.1 3 3 3.1 3.4 3.2 3.2 3
1.5 2.6 3.4 2.7 2.9 2.7 3.4 3
1.6 2.9 3.4 3.3 33 2.9 3.4 2.8
1 3 3 2.9 3.4 2.7 2.9 2.5
2.3 1.7 3.4 2.5 3 2.9 2.5 2.6
2.4 2.4 3.1 2.7 2 196+ 19!+ 3
2.4 2.73 2.2 3 191+ 2.9
2.2 2.8 3.4 2.72
2 3.1 3 3
1.6 197+ 3 .4
199 3.1*
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S.C FROM EROSION COMPARISON
CURVA THREE
Row 1 Row 2 Row  3 Row 4 R ow S R ow S R o w ? Row 8 R ow  9
1.3 2.7 2.6 2.6 2.9 3.4 3.4 3.4 3.4
2 3 3.2 3.4 3 3.4 3.4 3.4 3.4
2.2 3 3.2 3.4 3.4 3 3 3.2 3.4 3.4
1.8 3 3.3 3.4 3 3 3.3 3.1 3.4
2.2 3.4 3.4 3.4 3 4 3.4 3.4 3.3 3.2
2.1 2.8 3.4 3.4 3.4 3 3 3.4 3.4 3.4
2.5 2.9 2.9 3 4 3 2.6 3.4 3.4 3 3
1.4 2.2 3 3 3.4 3.4 2.6 3.4 3.4 3.2
2 2 3.4 3.4 3.4 3.4 2.9 3 3.2
1.6 2.8 3.4 3.4 3.4 3.2 3.4 3 3.4
2.5 2.6 3.4 3.4 3 3 3.1 3.4 3.4
2.1 2.5 3.4 3.4 3.4 3.2 3.4 3.4 2.6
2 3.4 3.4 3 3.2 3.1 3.4 3.4 2.8
2 2.8 3.4 3.2 3.3 2.9 3.2 3.2 3.3
2 2.5 2.3 3.4 2.6 3.4 3 3 3.4 3.1
1.8 2.9 3.4 3.2 2.4 3.2 3 3 3.2 3.4
1.5 2.7 3.2 3.2 3 3.4 3.4 3.4 3.3
1.5 2.6 3.4 3.4 3.2 3 3.4 3.4 3.4
2.3 3 3.2 3.4 3.1 3.4 3.4 3.4 3.4
2.4 2.6 3.2 3.4 3.3 3.4 3.4 2.9 3.4
2.5 2.9 3 3.4 3.4 3.1 3.4 3 3.4
2.5 3 3.4 3.4 3.4 2.8 3.4 3.4 3.4
2.6 1.7 3.4 3.2 3.4 3.4 3.4 3 3 3.2
3.4 2.4 3.4 2.9 3.1 3 3 3.4 2.9 3.4
3 1 7 3 3.4 3.4 3.4 3.4 3.4 3.4 3.4
3 .4 3.2 3.4 3.4 3.1 3.4 3.4 3.2
3.4 3.4 2.9 3.19* 3.2 33 4 + 3.4 3.2
2.6 3.2 3.4 3.18+ 3.4 3.4
2M 3.2
3.244-
129+ 1 2 9 + 3
12 8 + *
•This surco is direedy M o w  the uppermost zanja for the erosion comparison plot.
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G.C. FROM EROSION COMPARISON
CURVA ONE
Row 1 Row 2 Row 3 Row 4 RowS Row 6 Row 7 RowS Row 9
3 3.4 2.8 3.4 3.4 3 .4 3.1 3 3.2
2.9 3.4 3.2 3.4 3.4 3.3 2.8 3 3 3.4
2.8 3.4 3.4 3 3 3.1 3.4 3 3 3 3 3.4
2.7 3.4 3.4 3.4 3 3 3.4 3.1 3.3 1.5
3 3.2 2.8 3 3 3 3.1 2.8 2.8 2.4
2.7 3.4 2.8 3.4 3.4 3.4 3.2 3.4 3.4
2.8 3.4 3.1 3.4 3.4 3.4 2.8 2.2 2.4
3 3 3.4 3 3 3.4 3.2 3.2 3.4 3.4 181
3.4 3 3 3.4 3.4 3.2 3.4 3.1 3.4
3 3.4 3.2 3 3.4 3.4 2.7 3.4
3.4 3.2 3 3 3.4 3.3 3.4 2.7 3.4
2.8 3.2 3.4 3.4 2.7 3.4 3.4 3
2.7 3.3 3.4 3.4 3.4 3.4 3 3 3.4
2.8 3 3.4 3.4 3.4 3.1 3.4 3.2
3.2 2.4 3.3 3.4 3.4 3 3 3.4 3
3.4 3.4 3.4 3.1 3.4 3.4 3.4 3
3.1 2.8 3.4 3.4 3.4 3.1 3.1 3.2
Z83 2.7 3.4 3.4 3.3 3.4 3 3.4
3.3 2.8 3 3 3.4 3.4 3 3.4
3.2 3.4 3.4 3.4 3.4 2.7 3.2
2 3.4 3 3 3.4 2.8 2.6 3.4
3. IS 3.4 3.4 3.4 3.1 3.1 3.4
3.4 2.8 3.4 3.4 3.1 3.3
3.4 333 3.4 3.1 3.2 3.4
3.4 2.8 3 3.4 3.4
3M 3.4 2.4 3.4 3.4
3.4 3.1 3.1* 3
3.4 3 3.2
33* 3.24 332
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G.C. FROM EROSION COMPARISON
CURVA TWO
Row 1 Row 2 Row 3 Row 4 Row 8 Row 8 Row 7 Row 8 Row 9
3 2.5 2.4 3 2.8 2.5 2.7 2 2.5
3.2 2.8 3 3.1 2.4 3.2 3 2.9 2.7
2.8 2.9 3.2 3.1 3.4 3.2 3.2 2.9 3
3.2 2.7 3.2 3.2 3.4 3.4 3 3 1.8 3.4
3 3 3.4 3.4 3.4 3.1 2.9 3.3 3 3 3.4
2.4 3.4 3.4 3.4 3.2 3.4 3.4 2.9 3.4
3.2 3.1 3.4 3.3 3.1 3 3.2 3.2 3.4
3.2 3.1 3.2 3.1 3 3 3 3 3.4 3.1 3
3.2 2.6 3 3 3.1 3 3 3.1 3.4 3 3.2
3 3.2 3 3 3 3.4 3 3 3.2 3.1
2.8 3.4 3.3 3.4 2.8 3 3.1 3.2 3.2
2.9 3 3 3.4 3 3.1 3 3 3 3 3.2
3 3.4 3.4 3 2.8 2.9 3.3 2.8 3.2
2.3 3.2 2.9 3.2 3.2 2.9 3.4 3.4 3.4
2.9 3.4 2.8 3.4 3.1 3.2 3.2 3.1 2.8
2.5 3.2 3.4 3.4 2.4 3 3 3 3 3.4 3.2
2.6 3 3 3 3.4 2.5 3.2 2.9 3.2 3
2.92 3.4 3.4 3.4 3.1 3.2 2.8 3.4 3.1
3.2 2.9 3.4 3 3 3 3.3 3.2 2.9
2.5 3 3.4 3.4 3.2 3.4 3.4 2.8
3.99 3 3.4 3.2 2.9 3.4 3 3.2
3.14 3 3 3.2 3 .4 3.2 3 3
328 2.8 3.4 3 .4 3.4 2.7
3 3.4 3.2 3.4 2.9
2.9 3.4 3 3.4 3.8
3.2 3.3 3 13 3.11
2.8 3.2 3 3.92
3.2 3.4 2.7
3 3 3.2 3.18
2.8 3.4
393 3.2
3.1
2.7
3.18
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G.C. FROM EROSION COMPARISON 
CURVA THREE
Row 1 Row 2 1
ac Row 4 Row S Row# Row 7
3.1 2.7 2.5 3 3.4 2.9 2.9
2.8 2.7 2.5 3.4 3.4 3.4 33
3 2.5 2.7 3.4 3.4 2.3 3.4
2.2 2.6 3 3.4 33 3.2 3.4
3.1 2.7 2.9 3.2 3.4 3.4 2.9
2.7 3.2 3.2 3.3 3.4 3.2 3.18
2 3 2.9 33 3 3.1
2.73 3.2 2.5 33 3.3 3.1
3.4 2.4 2.4 3.2 3.88
3.2 2.6 3.2 2.4
2.8 3.1 3.4 3.22
2.9 3.3 3
3 3.2 2.8
2.8 3.4 2.9
3.4 3J 3.4
2.8 3.2 2.9
2.5 3.2 2.7
2.7 3.4 3.12
2.5 3.1
2.5 2.97
2.6
2.7
3.1
3.2 
3 
2.6
2.8 
2.6
2
2.4 
2M
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G.C. FROM EROSION COMPARISON
CURVA FOUR
Row 1 Row 2 Row 3 Row 4 Row 5 Row 6 Row 7 Row 8 Row 9 Row 16 Row 1
2.9 2 2.8 3.2 2.5 3 2.7 3.2 3.4 3 2.9
2.4 2 2.5 3 2.6 3.4 2.2 3.4 3.2 3 3 3.4
2 2.1 2.7 3.4 3 3.2 3.2 2.9 3.2 2.8 3 .4
3.2 2.7 2.8 3.2 3.2 3.4 3.1 2.7 3 3 2.9 3.4
2.63 2.8 2.5 3.4 3.3 3.2 3.2 3.2 3.4 3.4 3.4
3.2 3.1 3.4 3.4 3 3 3.3 3.4 2.8 3 3 3.2
3.1 3 3.2 3.2 3.2 3.4 3.2 3.4 3.3 3.4
2.8 2.77 3 3 3.4 3.2 3.4 3 3 3.4 3 3 3.2
2.4 3.2 3.4 3.4 3.4 3.4 3.4 3.4 3.4
157 3.5 3 3 3.4 3 3 3.4 3.2 3.4 3.4
3.4 3.2 3.4 3.1 2.9 3 3 3.4 2.9
3 3.14 3.4 3.4 3 3 2.9 3.2 2.8
3.27 3.1 3.2 3.4 2.8 3.2 3.2
3.2 3.2 3.3 2.7 3.2 3.4
3 3.1 2.9 3.4 3.4 3.4
3.2 3.4 3.4 3.2 3.4 3.4
3.4 3.2 3.4 3 2.8 2.9
2.3 3 3.4 3.4 2 3 3
3.1 3.4 3.2 3.2 2.4 3
3.4 3.4 3.2 3 3 3.4 3.2
3.4 3.4 3.4 3.4 3.4 2.9
3 3 3.4 3.4 2.9 3.4 3.4
2.8 3.4 3 2.8 3.4 3.2
.2.7 2.8 3.4 3.2 3.4 3.3
2.6 3.4 3 3 3.18 3.4 3.2
3.66 3.4
3.21
2.9
3
2.7
3.4
3.2
3.26
2.9
3.2
3
3.26 2.9
3.18*
•T his was directly below the zanja marking the upper boundary o f the plot used for the erosion study.
481
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX G.l
WATERSHED ONE COLLECTION TRENCH
MEASUREMENTS FOR PLOT IA
Note: First row of numbers represents actual measurements from top mark to the
top of sediments in the collection trench. Second row of numbers 
represents the difference in sediment levels since the last measurement.
Stake
S/18/96
5/19/96
S/20/96
S/21/96
S/22/96
5/23/96
5/24/96
5/25/96
S/26/96
5/27/96
5/28/96
S/29/%
5/30/96
5/31/96
6/1/%
6/2/%
6/3/%
6/4/%
6/5/%
6/6/%
6/7/%
6/8/%
6 /9/%
6/ 10/%
6/11/%
6/12/%
6/13/%
6/14/%
6 /1 5 %
6 /1 6 %
6 /1 7 %
6 /2 4 %  
6 /2 5 %  
6 /2 6 %  
6 /2 7 %  
6 /2 8 %  
6 /2 9 %
•5 m
1.50
2 m
0.70
4m
0.90
6m
2.50
8m
0.70
10 m
3.10
12 m
2.70
Mean
1.73
Median
1.50
37.00 23.50 20.00 2 030  24.00 23.50 24.50
36.70 19.80 21.60 20.80 23.20 23.50 24.80
0.30 3.70 -1.60 41.50 0 .80  0.00  4 )3 0
calibrate
36.70 19.80 2 2 3 0  203 0  23.20 23.10 24.50
0.00 0.00 -0.70 0.50 0 .00  0 .40  0 3 0
35.50 19.40 21.20 19.40 22.20 22.70 23.60
0.20 0.20 0.00 0.40 0 .70  0 .00  0.10
0 3 4 41.15
0.07 0.00
6 /1 8 % 35.20 19.60 20.70 20.00 23.20 22.90 24.00
1.50 0.20 1.60 0.30 0.00 0.20 0-50 0.61 0 3 0
6 /1 9 % 3 5 3 0 19.80 21.60 20.00 23.00 22.70 2 4 3 0
6 /2 0 % -0.10 •0.20 -0.90 0.00 0.20 0.20 4 )30 41.16 41.15
6 /2 1 %
6 /2 2 % 35.80 19.00 20.80 19.90 22.90 2 2 3 0 23.80
-0.50 0.80 0.80 0.10 0.10 0.40 0.50 031 0.40
6 /2 3 % 35.70 19.60 21.20 19.80 22.90 22.70 23.70
0.10 -0.60 -0.40 0.10 0.00 -0.40 0.10 -0.16 0.00
0.23 0.20
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6130/96
7/1/96
7/2/96
7/3/96 35.40 19.40 21.10 19.80 22.90 22.60 23.70
0.10 0.00 0.10 -0.40 -0.70 0.10 -0.10 -0.13
7/4/96
7/5/96
7/6/96
7/7/96
7/8/96 35.60 19.40 21.40 19.80 22.90 22.50 23.60
-0.20 0.00 -OJO 0.00 0.00 0.10 0.10 -0.04
7/9/96
7/10/96 35.20 19.50 21.30 19.70 22.90 22.60 23.60
0.40 -0.10 0.10 0.10 0.00 -0.10 0.00 0.06
7/11/96 35.50 19.50 21.30 19.60 23.00 22.70 23.60
7/12/96 -0.30 0.00 0.00 0.10 -0.10 -0.10 0.00 -0.06
7/13/96
7/14/96
7/15/96
7/16/96 35.60 19.40 21.10 19.60 22.70 22JO 23.60
7/17/96 -0.10 0.10 0.20 0.00 0.30 0.40 0.00 0.13
7/18/96
7/19/96 35.00 19.40 21.40 19.50 22.80 22.10 23.20
7/20/96 0.60 0.00 -OJO 0.10 -0.10 0.20 0.40 0.13
7/21/96
7/22/96
7/23/96 35.20 19.20 21.10 19.00 22.70 22.00 23.20
-0.20 0.20 OJO 0.50 0.10 0.10 0.00 0.14
7/24/96 35.20 19.40 20.90 19.20 22.70 22.10 23.00
0.00 -0.20 0.20 -0.20 0.00 -0.10 0 .20 -0.01
7/25/96
7/26/96
7/27/96
7/28/96
7/29/96
7/30/96 34.80 19.20 21.00 18.80 22.70 21.90 22.80
0.40 0.20 -0.10 0.40 0.00 0.20 0.20 0.19
7/31/96
8/1/96
8/2/96 34.80 19.20 20.90 18.90 22.60 21.80 22.90
0.00 0.00 0.10 -0.10 0.10 0.10 -0.10 0.01
8/3/96
8/4/96
8/5/96
8/6/96
8/7/96
8/8/96
8/9/96
8/10/96 34.70 19.20 21.00 19.20 22.70 21.90 23  JO
0.10 0.00 -0.10 -OJO -0.10 -0.10 -0.40 -0.13
8/11/96 34.40 19.30 20.90 19.00 22.70 21.90 23.20
8/12/96 0 3 0 -0.10 0.10 0.20 0.00 0.00 0 .10 0.09
8/13/96 34.40 19  JO 21.10 18.90 22.70 22.00 23.20
8/14/96 0.00 0.00 -0.20 0.10 0.00 -0.10 0 .00 -0.03
8/15/96 34.40 19.20 20.90 18.80 22.90 21.90 23.20
8/16/96 0.00 0.10 0.20 0.10 -0.20 0.10 0 .00 0.04
8/17/96 34 JO 19.10 20.90 19.10 22.60 22.00 23.10
8/18/96 0.10 0.10 0.00 -OJO OJO •0.10 0.10 0.03
8/19/96
8/20/96 34.40 19.00 21.00 19 JO 22.50 21.80 23.00
8/21/96 -0.10 0.10 -0.10 -0.20 0.10 0.20 0 .10 0.03
8/22/96
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0.05
0.00
0.00
0.00
0.10
0.10
0.10
0.00
0.20
0.00
4). 10 
0.10 
0.00 
0.10 
0.10
0.10
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8/23/96 
8/24/96 
8/25/96 34.20 19.00 21.00 18.50 22.50 21.90 23.00
0.20 0.00 0.00 0.80 0.00 -0.10 0.00 0.13
8/26/96 34.40 18.90 20.90 18.50 22.40 21.90 23.20
-0.20 0.10 0.10 0.00 0.10 0.00 -0.20 -0.01
8/27/96 34.10 18.90 21.00 18.60 22.50 21.90 23.10
8/28/96 OJO 0.00 -0.10 -0.10 -0.10 0.00 0.10 0.01
8/29/96
8/30/96
8/31/96
9/1/96
9/2/96
9/3/96
9/4/96
9/5/96
9/6/96 34.00 18.80 20.80 18.40 22.40 21.80 22.70
0.10 0.10 0.20 0.20 0.10 0.10 0.40 0.17
9/7/96 34.00 18.80 20.80 18.40 22.40 21.80 22.50
0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.03
9/8/96 34.20 18.90 20.90 18.50 22.40 21.60 22.50
-0.20 -0.10 -0.10 -0.10 0.00 0.20 0.00 -0.04
9/9/96 34.10 18.80 20.80 18.40 22.40 21.60 22.40
0.10 0.10 0.10 0.10 0.00 0.00 0.10 0.07
9/10/96 34.00 18.90 20.80 18.50 22JO 21.40 22.20
9/11/96 0.10 -0.10 0.00 -0.10 0.10 0.20 0.20 0.06
9/12/96
9/13/96
9/14/96 33.90 18.50 20.70 18.20 22.20 21.40 22.40
9/15/96 0.10 0.40 0.10 OJO 0.10 0.00 -0.20 0.11
9/16/96 33.80 18.80 20.70 18.30 22.20 21.40 22.40
9/17/96 0.10 -0.30 0.00 -0.10 0.00 0.00 0.00 -0.04
9/18/96
9/19/96
9/20/96
9/21/96 33.80 18.70 20.80 18.20 22.40 21J0 22.00
9/22/96 0.00 0.10 -0.10 0.10 -0.20 0.10 0.40 0.40
9/23/96 33.60 18.60 20.50 18.10 22.00 21 JO 22.00
9/24/96 0.20 0.10 0.30 0.10 0.40 0.00 0.00 0.16
9/25/96
9/26/96 33.20 18.30 20.40 17.90 22.00 21.10 21.90
9/27/96 0.40 0.30 0.10 0.20 0.00 0.20 0.10 0.19
9/28/96
9/29/96
9/30/96
10/1/96 33.70 18.70 20 JO 17J0 21.70 21.00 21.80
10/2/96 -0.50 -0.40 0.10 0.60 OJO 0.10 0.10 0.04
10/3/96
10/4/96
10/5/96
10/7/96
10/8/96
10/9/96 32.90 18.10 19.90 17.20 21.60 21.00 21.70
0.80 0.60 0.40 0.10 0.10 0.00 0.10 OJO
10/10/96
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APPENDIX G.2
WATERSHED ONE COLLECTION TRENCH
MEASUREMENTS FOR PLOT IB
Note:
PLO T
Stake
18-May
19-May
20-May
21-May
22-May
23-May
24-May
25- May
26-May
27-May
28-May
29-May
30-May
3 1-May
1-Juii
2-Jun
3-Jun
4-Jun
5-Jun
6-Jun
7-Juu
8-Jun
9-Jun
10-Jun 
U -Jun
12-Jun
13-Juu
14-Jun
15-iun
16-Jun
17-Jun
18-Jun
19-Jun
20-Jun
21-Jun
22-Jun
23-Juii
24-Jun
25-Jun
26-Jun
27-Jun
28-Jun
29-Juu
30-iun
1-Jul
2-Jul
3-Jul
4-Jul
5-Jul
6-Jul
7-Jul
8-Jul
9-Jul
10-Jul
11-Jul
12-Jul
13-Jul
First row of numbers represents actual measurements from top mark to the 
top of sediments in the collection trench. Second row of numbers 
represents the difference in sediment levels since the last measurement.
36cm 36cm 36cm 36cm 46cm 38cm 46cm 34cm 
2m 4m 6m 8m 10 m 12 m 14 mim
5 2.7 1.5 0.6 1.8 1.9 2 3
36 cm
15.5 m
3
M ean
(37.3)
231
M edian
0.8 0 3  0.5 0.7 0.5 0.7 1.28 0.7
3 3 2.2 1 2.5 0 3 1.9 0 3 2.5 2 1.80 1.9
21.8 22.7 24 22.2 24.6 2 23 24.5 223 21 0.36
21.3 22.4 23.6 22.1 24.4 22.1 2 4 3 22 19.2 0
0.5 0 3 0.4 0.1 0.2 0.2 0.2 0.5 1.8 0.47
20.9 22.8 23.9 21.8 24.2 22 3 24 21.7 16.8 0.25
0.4 -0.4 -0 3 0 3 0.2 -0.2 0 3 0 3 2.4 0.33
21.1 22.5 22.7 21.6 2 4 3 22.1 23.8 21.2 15.5 0.2
-0.2 0 3 1.2 0.2 -0.1 0.2 0.2 0.5 13 0.40
20.6 22.2 23.7 22.1 24.2 21.8 23.6 21.5 16.4 0.1
0.5 0 3 -1 -0.5 0.1 0.3 0.2 -03 -0.9 41.14
20.8 22 3 23 6 21.6 24.7 21.7 23.5 213 15.7 0.1
-0.2 -0.1 0.1 0 3 -0.5 0.1 0.1 0.2 0.7 0.10
20.4 22 2 3 3 22.1 23.9 21.7 2 3 3 213 15.7 0
0.4 0 3 0.1 -0 3 0.8 0 0 0 0 0.12
20.5 22.1 2 3 3 21.8 24.1 21.6 2 3 3 213 16 0
-0.1 -0.1 0.2 0.3 -0.2 0.1 0.2 0 -0.3 0.01
20.4 21.9 23.5 21.7 24 21.7 23.4 213 15.7 0.1
0.1 0.2 -0.2 0.1 0.1 -0.1 -0.1 0 0 3 0.04
203 21.9 2 3 3 21.7 24 21.5 23.5 21.1 15.5 0.1
0.1 0 0.2 0 0 0.2 -0.1 0.2 0.2 0.09
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14-Jul
15-Jul
16-iul 2 0 3 21.8 233 21.6 24
17-Jul 0 0.1 0 0.1 0
18-Jul
19-Jul 20.4 21.8 22.9 21.6 24.4
20-Jul -0.1 0 0.4 0 -0.4
21-Jul
22-Jul 20.5 21.7 23 21.6 23.9
-0.1 0.1 -0.1 0 0.5
23-Jul 20 21.6 22.8 21.6 23.8
24-|ul 0 .5 0  1 0.2 0 0  1
25-Jul
26-Jul
27-Jul
28-Jul
29-Jul
30-Jul 20.2 21.6 22.6 21.5 23.7
3 1-Jul -0.2 0 0.2 0.1 0.1
1-Aug
2-Aug
3-Aug
4-Aug 20.2 21.5 22.6 21.5 23.6
5-Aug 0 0.1 0 0 0.1
6-Aug
7-Aug
8-Aug
9-Aug
10-Aug 19.8 21.5 22.7 21.6 23.7
0.4 0 -0.1 -0.1 -0.1
11-Aug 20.1 2 1 3 22.7 21.5 23.7
12-Aug -0 3 0.2 0 0.1 0
13-Aug 20.3 21.4 21.6 21.6 23.7
14-Aug -0.2 -0.1 1.1 -0.1 0
15-Aug 19.7 21.4 22.5 21.4 23.7
16-Aug 0.6 0 -0.9 0.2 0
I7-Aug 19.7 21.4 22.4 21.4 23.6
18-Aug 0 0 0.1 0 0.1
19-Aug
20-Aug 19.7 2 1 3 22 3 21 23.7
21-Aug 0 0.1 0.1 0.4 - 0.1
22-Aug
23-Aug
24-Aug
25-Aug 19.7 20.9 22.4 21.1 23.5
0 0.4 -0.1 -0.1 0.2
26-Aug 19.7 20.9 22.3 21 2 3 3
0 0 0.1 0.1 0
27-Aug 19.7 20.9 22 3 21.1 23.5
28-Aug 0 0 0 -0.1 0
29-Aug
30-Aug
31-Aug
1-Scp
2-Scp
3-S«p
4-Sep
5-Sep
6-Sep 19.4 20.5 2 2 3 21 23.5
0.3 0.4 -0.2 0.1 0
7-Sep 19.3 20.8 22.2 21 23.5
0.1 -0 3 0 3 0 0
8-Sep 19.4 • 22.4 21.4 23.5
-0.1 0 •0.2 -0.4 0
9-Sep 193 20.7 22.2 21 23.5
0.1 O.t 0.2 0 .4 0
10-Sep 193 20.5 22.2 21.2 23.5
11-Scp
12-Sep
13-Sep
0 0.2 0 -0.2 0
14-Sep 19.4 20.7 22.1 21.2 23.4
15-Sep -0.1 -0.2 0.1 0 0.1
16-Sep 193 20.1 22.4 21.2 23.4
17-Sep
18-Sep
0.1 0.6 -0 3 0 0
21.5 2 3 3 21 15.5 0
0 0.2 0.1 0 0.06
21.7 23.4 21 3 15 -0.1
-0.2 -0.1 -0 3 0.5 -0.02
21.5 2 3 3 21 15 0.1
0.2 0.1 0 3 0
21.5 23.2 20.9 15 0.12 0.1
0 0.1 0.1 0
21.4 23.2 20.6 14.3 0.14 0.1
0.1 0 0.3 0.7
21.4 23.1 20.2 14.7 0.03 0
0 0.1 0.4 -0.4
21.4 22.9 2 0 3 14.7 0.02 0
0 0.2 -0.1 0
21.4 22.8 20.2 14.6 0.03 0.1
0 0.1 0.1 0.1
21.4 22.8 20.1 14.6 -0.02 0
0 0 0.1 0
2 1 3 22.9 19.9 14.6 0.12 0.1
0.1 -0.1 0.2 0
2 1 3 22.8 20 14 0.06 0
0 0.1 -0.1 0.6
2 1 3 22.8 20 13.9 0.07 0
0 0 0 0.1
21.2 22.5 19.5 13.9 0.14 0.1
0.1 0 3 0.5 0
21.1 22.5 19.2 13.6 0.10 0.1
0.1 0 0 3 0 3
21.1 22.5 19.2 133 0.02 0
0 0 0 0.3
21 22.4 18.7 11.6 0.29 0.1
0.1 0.1 0 .5 1.7
21.1 22.5 18.6 11.6 0.00 0
-0.1 -0.1 0.1 0
21 22.4 18.6 113 -0.03 0
0.1 0.1 0 0 3
21 22.4 18.6 11.6 0.06 0
0 0 0 -0.3
21 2 2 3 18.5 113 0.06 0
0 0.1 0.1 0 3
20.7 22.1 18.1 113 0.09 0.1
0 3 0.2 0 .4 0
20.7 22 18 11 3 0.07 0
0 0.1 0.1 0
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19-Scp
20-Sep
21-Sep
22-Sep
23-Sep
24-Sep
25-Sep
26-Sep
27-Sep
28-Sep
29-Sep
30-Sep
1-Oct
2-Ocl
3-Ocl
4-Oci
5-OeC
6-Oct
7-Ocl
8-Oct
9-Ocl
10-Ocl
11-Oct
12-Oct
13-Ocl
14-Ocl
15-Oct
19 20.1 22.2 21.1 2 3 3 20.8 22 17.5 10.8 0.18
0 3 0 0.2 0.1 0.1 -0.1 0 0.5 0 3
19.1 20.1 22 3 21.1 23.4 20.8 22 17.2 10.9 -0.01
-0.1 0 -0.1 0 -0.1 0 0 0 3 -0.1
19.2 20.1 22.1 21 23.2 20.8 21.9 17.3 10.8 0.06
-0.1 0 0.2 0.1 0.2 0 0.1 -0.1 0.1
19.2 20.3 22.2 21.1 2 3 3 20.5 22 16.4 10.5 0.00
0 -0.2 -0.1 -0.1 -0.1 0.3 -0.1 0 0 3
183 19.7 22.1 21.2 23 20.7 21.5 163 10.1
0.9 0.6 0.1 -0.1 0 3 -0.2 0.5 0.1 0.4
0.1
0.1
-0.1
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APPENDIX G.3
WATERSHED ONE COLLECTION TRENCH
MEASUREMENTS FOR PLOT 1C
Note: First set of measurements represents an intense rainfall in which over 
100 mm precipitation was received in two days.
Mem 36cm 36cm 46cm 38cm 46cm 34cm ^ 7^ " Median
Stake t i n  2 n  4m 6m 8m 16m 12m I4 im
18-May 
19 May
20-May
21-May
22-May
23-May
24-May
23-May
26-May
27-May
28-May
29-May
30-May
3 1-May
1-Jun
2-Jun
3-Jun
4-Jun
5-Jun
6-Jun 0.00 6  4.75 4  6.5 8.57 6  4.6 5.77 6
7-Jun
8-Jun
9-Jun
10-Jun
11-Jun
12-Jun
13-Jun
14-Jun
15-Jun
16-Jun
17-Jun
18-Jun
19-Jun
44.9
43
45.5
44
44
43.8
45.3
43.5
43.2
41.8
44.8
45
44.9
44.8
44.8
44.8 0.2
20-Jun 1.9 1.5 0.2 1.8 1.4 -0.2 0.1 0 0.84
21-Jun
22-Jun 38 43 43.5 43 41.8 44.6 43.8 37.8 0 3 5
23-Jun
5
39.8
1
42.8
0-3
42.8
0.5
4 2 3
0
41.6
0.4
44.4
1
43.8
7
39.4
1.90
0.2
24-Jun -1.8 0.2 0.7 0.7 0.2 0.2 0 •1.6 -0.17
25-Jun
26-Jun
27-Jun
28-Jun
29-Jun
30-Jun 38.7 42.6 42.8 42 4 1 3 44.4 43.7 3 9 3 0.15
1-Jul 1.1 0.2 0 0 3 0 3 0 0.1 0.1 0.26
2-Jul
3-Jul 38.4 42.6 42.5 41.9 41.5 44 43.7 39.2 0.1
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4-Jul
5-Jul
6-Jul
7-Jul
0 3 0 0 3 0.1 • 0 2
8-Jul 38.9 42.7 42.4 41.8 41.2
9-Jul -0.5 -0.1 0.1 0.1 0 3
10-Jul 38.6 42.6 42.2 41.8 41.2
0 3 0.1 0.2 0 0
ll-Ju l 39.3 42.5 4 2 3 41.9 41.2
12-Jul
13-Jul
14-Jul
15-Jul
-0.7 0.1 -0.1 -0.1 0
16-Jul 39.4 42.3 42.8 40.5 41.1
17-Jul
18-Jul
-0.1 0.2 -0.5 1.4 0.1
19-Jul 39.1 42.2 42.1 40.4 41
20-Jul
21-Jul
0 3 0.1 0.7 0.1 0.1
22-Jul 38.8 42.3 42.1 40.4 41.1
0 3 -0.1 0 0 -0 1
23-Jul 37.8 41.7 42 40.5 41.1
24-Jul
25-Jul
26-Jul
27-Jul
28-Jul
29-Jul
1 0.6 0.1 -0.1 0
30-Jul 38.7 41.9 42.2 40.4 41.2
3 1-Jul
1-Aug
2-Aug
3-Aug
-0.9 -0.2 -0.2 0.1 -0.1
4-Aug 38.4 41.5 41.7 39.9 40.6
5-Aug
6-Aug
7-Aug
8-Aug
9-Aug
0 3 0.4 0.5 0.5 0.6
10-Aug 37.9 41 3 41.5 40 40.6
0.5 0.2 0.2 -0.1 0
11-Aug 37.9 41.4 41.7 40.2 40.6
12-Aug 0 -0.1 -0.2 -0.2 0
13-Aug 37.6 41.1 41.7 40 40.6
14-Aug 0 3 0 3 0 0.2 0
15-Aug 37.6 41.4 41.7 40 40.6
16-Aug 0 -03 0 0 0
17-Aug 37.4 41 41.2 40.1 40.6
18-Aug
19-Aug
0.2 0.4 0.5 -0.1 0
20-Aug 37.2 40.7 41.7 40 40.6
21-Aug
22-Aug
23-Aug
24-Aug
0.2 0 3 -0 3 0.1 0
25-Aug 37 40.7 41.4 40.1 40.7
0.2 0 0 3 -0.1 -0.1
26-Aug 36.9 40.4 40.7 39.5 40.4
0.1 0 3 0.7 0.6 0 3
27-Aug 36.8 40.1 40.5 39.6 40.6
28-Aug
29-Aug
0.1 0.3 0.2 -0.1 -0.2
0 4 0 O l 0 1 2
43.9 43.7 39.2 0.05
0.1 0 0 0.00
44 43.8 39.3 0.1
-0.1 -0.1 -0.1 0.04
43.9 43.6 39 0.1
0.1 0.2 0 3 -0.02
43.7 43.6 38.4 0.1
0.2 0 0.6 0.24
4 4 3 43.5 37.5 0.1
-0.6 0.1 0.9 0.21
43.8 4 3 3 35 0
0.5 0.2 2.5 0.41
43.5 4 3 3 35.8 0
0 3 0 -0.8 0.14
43.5 43 35.4 0.05
0 0.3 0.4 -0.08
4 3 3 42.9 35.5 0 3 5
0.2 0.1 -0.1 03 1
43.1 42.8 35.5 0.15
0.2 0.1 0 0.14
43.4 42.7 35.5 -0.05
-0 3 O.I 0 -0.09
43.4 42.5 34.2 0.2
0 0.2 1.3 0.29
4 3 3 42.9 32.9 0
0.1 -0.4 1.3 0.09
43.4 42.2 32.9 0.15
-0.1 0.7 0 0.20
43.2 41.8 42.7 0.2
0.2 0.4 -9.8 -1.14
4 3 3 41.7 42.8 -0.05
•0.1 0.1 -0.1 0.03
42.7 41.7 42.8 0.3
0.6 0 0 0 3 3
43.2 41.7 42.8 0
-0.5 0 0 -0.03
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30-Aug
3 1-Aug
1-Scp
2-Scp
3-Sep
4-Sep
6-Sep 36.2 40.1 40 38.1 39.9 42.1 * • 0.55
7-Sep
0.6
35.4
0
39.2
0.5
40
1.5
38.4
0.7
39.8
1.1
38.5
0
42.1
0
41.5
0.73
-0.05
8-Sep
0.8
35.5
0.9
39.4
0
39.9
-03
37.8
0.1
39.7
3.6
38.4
-0.4
42
13
40.4
0.75
0.1
9-Sep
-0.1
35.5
-0.2
38.9
0.1
39.2
0.6
38.1
0.1
3 9 3
0.1
3 8 3
0.1
42
1.1
40.8
0.23
0.05
10-Sep
0
35
0.5
38.9
0.7
39
-03
38 3
0.4
39.8
0.1
38.5
0
42
-0.4
40.1
0.13
0
11 -Sep 0.5 0 0.2 -0.2 -0.5 -0.2 0 0.7 0.06
12-Sep
13-Sep
14-Sep 34.7 39.2 3 9 3 38.2 39.5 38.5 41.8 40.5 0.15
15-Sep 0.3 -0.3 -0 3 0.1 0 3 0 0.2 -0.4 -0.01
16-Sep 34.8 39.1 39  3 38.1 39.9 3 8 3 41.7 41 0.05
17-Sep -0.1 0.1 0 0.1 -0.4 0.2 0.1 -0.5 -0.06
18-Sep
19-Sep
20-Sep
21-Sep 3 3 3 37.4 37.6 38 39.6 38.4 41.4 40.7 0 3
22-Sep 1.5 1.7 1.7 0.1 0 3 -0.1 0 3 0.3 0.73
23-Sep 32.9 36.9 37 34.9 39.6 38.1 41.4 36.9 0.45
24-Sep 0.4 0.5 0.6 3.1 0 0 3 0 3.8 1.09
25-Sep
26-Sep 31.4 36.7 35.9 37.6 39.5 38.2 41.1 37.1 0.15
27-Sep 1.5 0.2 1.1 -2.7 0.1 -0.1 0 3 -0.2 0.02
28-Sep
29-Sep
30-Scp 
1-Oct 30 36.7 35.8 35.7 39.3 38.7 41.5 43.7 0.05
2-Oct 1.4 0 0.1 1.9 0.2 -0.5 -0.4 -6.6 -0.49
3-Oct
4-Oct
5-Oct
6-Oct
7-Oct
8-Oct
9-Oct
10-Oct
29
I
3 6 3
0.4
34
1.8
33.5
2.2
38.7
0.6
36.6
2.1
40.7
0.8
36.8
6.9 1.98
11-Oct
12-Oct
13-Oct
14-Oct
15-Oct
16-Oct
17-Oct
18-Oct
19-Oct
20-Oct
2 1-Oct
22-Oct
23-Oct
24-Oct
25-Oct
26-Oct
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27-Oct
28-Ocl
29-Oct
30-Oct
3 1-Oct
1-Nov
2-Nov
3-Nov
4-Nov
5-Nov
6-Nov
7-Nov
8-Nov
9-Nov
10-Nov
11-Nov
12-Nov
13-Nov
14-Nov
15-Nov
16-Nov
17-Nov
18-Nov
19-Nov
20-Nov
2 1-Nov
22-Nov
23-Nov
24-Nov
23-Nov
2 6-Nov 28.6 33 33.1 33 34.8 36.1 39.3 36
27-Nov 0.4 3.3 0 .9 0.5 3.9 0 .5 1.2 0.8
28-Nov
29-Nov
30-Nov
I-Dec
1.44
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APPENDIX G.4
WATERSHED ONE COLLECTION TRENCH
MEASUREMENTS FOR PLOT ID
Note: First row of numbers represents actual measurements from top 
mark to the top of sediments in the collection trench. 
Second row of numbers represents the difference in sediment 
levels since the last measurement.
Stake tm 2m 4m i n  8a Itm 12m 14m 14m 18m
1-Jun 6  2.5 2 I 1.7 2.1 3 .4  1.8 2.8 2.8
2-Jun
3-Jun
4-Jun
5-Jun
6-Jun
7-Jun
8-Jun
9-Jun
10-Jun
11-Jun
12-Jun
13-Jun
14-Jun
15-Jun
16-Jun
17-Jun
18-Jun 44 45 44.9 44.4 45 44.5 45.1 45.7 44.5 44.4
19-Jun 44.1 44.8 44.4 44.5 45 44.1 45 45.5 44.4 XX
20-Jun -0.1 0.2 0.5 -0.1 0 0 .4 0.1 0.2 0.1 0
2 1-Jun
22-Jun 43.2 44.6 43.8 44.4 44.7 43.9 45 44.8 44.4 40.1
0.9 0.2 0.6 0.1 0 3 0.2 0 0.7 0 4 3
23-Jun 42.6 44.4 43.7 43.8 44.8 44.5 45 45.1 44.5 40.5
24-Jun 0.6 0.2 0.1 0.6 -0.1 -0.6 0 -0 3 -0.1 -0.4
25-Jun
26-Jun
27-Jun
28-Jun
29-Jun
30-Jun 42.1 44.4 42.7 43.5 44.7 4 4 44.9 44.9 4 4 3 40.1
1-Jul 0 3 0 1 0 3 0.1 0 3 0.1 0.2 0.2 0.4
2-Jul
3-Jul 42.2 44.2 4 3 3 43.6 44.7 43.5 44.9 44.9 43.9 40
4-Jul -0.1 0.2 •0.6 -0.1 0 0.5 0 0 0.4 0.1
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5-Jul
6-Jul
7-Jul
8-Jul 41 .9  44.1 42.7 43 .6  44.7
9- Jul 0 3  0.1 0.6 0  0
10-Jul 42 4 4  43.1 43.4 44.8
-0.1 0.1 -0.4 0.2 -0.1
11-Jul 41 .4  44.1 42.7 44 44.8
12-Jul 0 .6  -0.1 0.4 -0.6 0
13-Jul
14-Jul
15-Jul
16-Jul 3 9 3  44.2 44 44.8 45
17-Jul 0  0  0  0 0
18-Jul
19-Jul 39 .4  42.7 43.4 44.5 45.1
20-Jul -0.1 0  0.6 0 3  -0.1
2 1-Jul
22-Jul 39 .6  44.1 43.8 4 4 3  44.9
-0.2 0.1 -0.4 0.2 0.2
23-Jul 39.7 44.1 43.2 44.4 45
24-Jul -0.1 0  0.6 -0.1 -0.1
25-Jul
26-Jul
27-Jul
28-Jul
29-Jul
30-Jul 39 .8  44.2 43.6 44.5 45
31-Jui -0.1 0 .1  -0.4 -0.1 0
1-Aug
2-Aug 3 8  43.7 43.4 44.4 44.9
3-Aug 1.8 0 .5  0.2 0.1 0.1
4-Aug
5-Aug
6-Aug
7-Aug
8-Aug
9-Aug
43.4 44.8 44.8 44 40
0.1 0.1 0.1 -0.1 0
43.7 44.9 44.7 44 39.8
-0 3 -0.1 0.1 0 0.2
43.6 44.7 44.7 43.7 39.4
0.1 0.2 0 0 3 0.4
43.7 44.7 44.6 44 39.1
-0.1 0 0.1 -0 3 0 3
44 44.7 44.4 43.9 38.5
-0.3 0 0.2 0.1 0.6
43.9 44.8 44.2 4 3 3 37.9
0.1 -0.1 0.2 0.4 0.6
43.9 4 4 3 44 43.5 37.8
0 0.5 0.2 0 0.1
44 44.5 44 43.5 37.7
-0.1 -0.2 0 0 0.1
43.7 44.2 43.9 43.4 37.1
0 3 0.3 0.1 0.1 0.6
10-Aug 37.9 43.8 43.3 4 4 3 44.9 43.7 44.2 43.8 43.2 36.9
0.1 -0.1 0.1 0.1 0 0 0 0.1 0.2 0.2
11-Aug 37.8 43.8 43 44.2 44.9 43.4 44.2 43.8 43.2 36.9
12-Aug 0.1 0 0 3 0.1 0 0 3 0 0 0 0
13-Aug 37.8 43.8 43.4 44.4 44.8 43.8 44 43.7 4 3 3 37
14-Aug 0 0 -0.4 -0.2 0.1 -0.4 0.2 0.1 -0.1 -0.1
15-Aug 37 .9 44.1 43.4 4 4 3 44.7 43.7 44.2 43.8 43.2 3 6 3
1 6  Aug -0.1 -0 3 0 0.1 0.1 0.1 -0.2 -0.1 0.1 0.5
17-Aug 38.1 43.7 43.6 44.4 44.7 43.6 44.2 43.7 43 3 36.8
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18-Aug -0.2 0 .4 •0.2 -0.1
19-Aug
20-Aug 37.9 44 43.4 44.2
21-Aug 0.2 -0 3 0.2 0.2
22-Aug
23-Aug
24-Aug
25-Aug 37.6 41.2 42.7 44.1
0 3 -0.2 0.7 0.1
26-Aug 37.7 44 4 2 3 44
-0.1 0.2 0.4 0.1
27-Aug 36.7 44 42.7 44
28-Aug 1 0 -0.4 0
29-Aug
30-Aug
3 1-Aug
1-Sep
2-Sep
3-Sep
4-Sep
5-Sep
6-Sep 34.8 42.4 42.1 43.8
1.9 1.6 0.6 0.2
7-Sep 34.7 42.5 42.1 43.5
0.1 -0.1 0 0.3
8-Sep 34.8 42.5 41.8 4 3 3
-0.1 0 0.3 0.2
9-Sep 34.7 42.4 42.1 43.2
0.1 0.1 -0.3 0.1
10-Sep 34.6 42.6 42 43.1
ll-S ep 0.1 -0.2 0.1 0.1
12-Sep
13-Sep
14-Sep 34 41.7 41.2 41.9
15-Sep 0.6 0.9 0.8 1.2
16-Sep 34.2 41.8 42.2 42
17-Sep -0.2 -0.1 -1 -0.1
18-Sep
19-Sep
20-Sep
21-Sep 33.4 40.8 41.5 42.1
22-Sep 0.8 1 0.7 -0.1
23-Sep 33.7 40.9 41.6 42.1
24-Sep -0 3 -0.1 -0.1 0
25-Sep
26-Sep 32.3 4 0 3 41.5 40.8
27-Sep 1.4 0.6 0.1 13
0 0.1 0 0.1 -0.1 -0 3
44.7 43.7 44.2 43.7 42.7 36.3
0 -0.1 0 0 0.6 0.5
44.5 43.4 43.2 43.3 42.7 36.4
0.2 0.3 1 0.4 0 -0.1
44.5 4 3 3 42.3 43.2 42.6 36.5
0 0.1 0.9 0.1 0.1 -0.1
44.4 43.2 42.5 43.2 42.5 36.2
0.1 0.1 -0.2 0 0.1 0 3
44.2 43 4 2 3 43 42.5 36.2
0.2 0.2 0.2 0.2 0 0
44.2 43.1 42.2 43 42.5 36.1
0 -0.1 0.1 0 0 0.1
44.2 43 42.3 43 42.5 36.1
0 0.1 -0.1 0 0 0
44.1 43 42.2 43 42.2 36.2
0.1 0 0.1 0 0.3 -0.1
44.2 43 4 2 3 42.8 42 36
-0.1 0 -0.1 0.2 0.2 0.2
43.9 42.6 42.1 42.7 41.7 35.7
0 3 0.4 0.2 0.1 0.3 0.3
44.1 42.8 42.2 42.7 41.7 35.8
-0.2 -0.2 -0.1 0 0 -0.1
43.8 42.6 42 4 2 3 41.5 35.4
0 3 0.2 0.2 0.4 0.2 0.4
43.6 4 2 3 41.9 42.2 40.2 33.7
0.2 0 3 0.1 0.1 13 1.7
43.2 42.1 41.5 41.6 39.6 33.7
0.4 0.2 0.4 0.6 0.6 0
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28-Sep
29-Sep
30-Sep
1-Oci 31.4 40.3 40.6 39 .9  43.1 42.1 41.3 41.4 39.4
2-Oct 0.9 0  0 .9  0 .9  0.1 0  0.2 0.2 0.2
3 -Oct
4-O ct
5-Oct
6-Oct
7-Oct
8-Oct
9-Oct 3 1 3  39.8 40.6 40.1 42.7 42 41.2 41.4 39.1
10-Ocl 0.1 0.5 0  -0.2 0 .4 0.1 0.1 0  0 3
11-Oct
12-Oct
13-Oct
14-Oct
15-Oct
16-Oct
17-Oct
18-Oct
19-Oct
20-Oci
21-Oct
22-Oci
23-Oci
24-Oct
25-Oct
26-Oct
27-Oct
28-Oct
29-Oct
30-Oct
31-Oct
1-Nov
2-Nov
3-Nov
4-Nov
5-Nov
6-Nov
7-Nov
8-Nov 31.6 39.4 39.9 39.6 42.7 41.7 41 41 38.8
9-N ov -0 3  0.4 0.7 0 .5  0  0 3  0.2 0.4 0 3
10-Nov
11-Nov 12.4 5.6 5 4 .8 2 3  2.8 4.1 4.7 5.7
12-Nov
13-Nov
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33.4
0.3
33.4
0
33.5
- 0.1
10.9
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APPENDIX H.1
WATERSHED TWO COLLECTION TRENCH
MEASUREMENTS FOR PLOT 2A
Note: First row of numbers represents actual measurements from top mark to 
the top of sediments in the collection trench. Second row of numbers 
represents the difference in sediment levels since the last measurement.
Stake 0.5 2m 4m 6m 8m 16m 12m 14m 16m 18m 26m 22m
1-Jun
2-Jun
3-Jun
4-Jun 0 0.6 0 0 0.2 0 0.2 1.5 0.2 0 0.45 0
5-Jun 34.8 44.2 44.6 44.5 44.6 44.2 44.7 43.6 44.8 44.6 44.7 45
6-Jun
7-Jun
8-Jun
9-Jun
10-Jun
11-Jun
12-Jun
13-Jun 34.1 44.3 44.7 44.5 44.7 44 44.9 44 44.8 45 44.9 44.9
14-Jun 0.7 -0.1 -0.1 0 -0.1 0.2 -0.2 -0.4 0 -0.4 -0.2 0.1
15-Jun 33.9 44.4 44.5 44.5 44.2 43.5 44.9 44 44.8 44.7 45.1 45.1
16-Jun 0.2 -0.1 0.2 0 0.5 0.5 0 0 0 0.3 -0.2 -0.2
17-Jun
18-Jun 33.3 44.1 44.5 44.4 44 43.7 44.8 44 44.7 44.7 45 45.1
0.6 0.3 0 0.1 0.2 -0.2 0.1 0 0.1 0 0.1 0
19-Jun 33.3 44.2 44.6 44.5 44.3 43.9 44.8 43.9 44.7 44.6 45 45.1
20-Jun 0 -0.1 -0.1 -0.1 -0.3 -0.2 0 0.1 0 0.1 0 0
2 1-Jun
22-Jun 32.6 43.9 44.3 44.1 44 43.4 44.5 43.8 44.4 44.3 44.8 45.1
0.7 0.3 0.3 0.4 0.3 0.5 0.3 0.1 0.3 0.3 0.2 0
23-Jun 32.6 u i a i u i  t i cri 44.5 43.7 44.4 43.7 44.7 43.8 44.4 44.4 44.8 45.3
24-Jun 0 0 -0.2 0.4 -0.4 -0.3 -0.2 0 0 -0.1 0 -0.2
25-Jun
26-Jun
27-Jun
28-Jun
29-Jun
30-Jun 31.8 41.2 44.5 43.8 44.5 43.4 44.4 43.9 44.4 44.6 45.1 45.3
1-Jul 0.8 0 0 -0.1 -0.1 0.3 0.3 -0.1 0 -0.2 -0.3 0
2-Jul
3-Jul 32.9 41.2 44.3 43.9 44.5 43.7 44.4 44.1 44.2 44.8 44.9 44.9
4-Jul 0 0 0.2 -0.1 0 -0.3 0 -0.2 0.2 -0.2 0.2 0.4
5-Jul
6-Jul
7-Jul 33.1 41.1 44.5 43.7 44.3 43.3 44.6 44.1 45 44.8 44.9 45.1
8-Jul -0.2 0.1 -0.2 0.2 0.2 0.4 -0.2 0 0 0 0 -0.2
9-Jul 33.2 41.3 44.3 43.8 44.3 44 44.5 44.1 44.5 44.8 45 45.2
-0.1 -0.2 0.2 -0.1 0 0 0.1 0 0.5 0 -0.1 -0.1
10-Jul 33.2 41.4 44.6 43.7 44.3 43.4 44.3 43.9 44.4 44.8 44.8 45.3
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0 -0.1 -0.3 0.1 0
ll-Ju l 33.1 41.4 44.2 43.6 44.5
12-Jul 0.1 0 0.4 0.1 -0.2
13-Jul
14-Jul
15-Jul
16-Jul 32.9 41.2 44.2 43.6 44.3
17-Jul 0.2 0.2 0 0 0.2
18-Jul
19-Jul 31.7 41.2 44.1 43.4 44.3
20-Jul 1.2 0 0.1 0.2 0
21-Jul 31.1 41.2 44.1 43.3 44.5
22-Jul 0.6 0 0 0.1 -0.2
23-Jul 29.8 41.1 44 43.4 44.4
24-Jul 1.3 0.1 0.1 -0.1 0.1
25-Jul
26-Jul
27-Jul
28-Jul
29-Jul
30-Jul 30 41 44 43.4 44.3
3 1-Jul -0.2 0.1 0 0 0.1
1-Aug
2-Aug 30 41 44 43.5 44.3
3-Aug 0 0 0 -0.1 0
4-Aug
5-Aug
6-Aug
7-Aug
8-Aug
9-Aug
10-Aug 30.2 40.9 43.9 43.4 44.4
-0.2 0.1 0.1 0.1 -0.1
11-Aug 30 40.9 44 43.4 44.4
12-Aug 0.2 0 -0.1 0 0
13-Aug 30.1 40.9 44 * 44.3
-0.1 0 0 0 0.1
14-Aug
15-Aug 29.9 40.8 43.9
37.5
37.6 44.4
I6-Aug 0.2 0.1 0.1 -0.1 -0.1
17-Aug 29.9 40.7 43.8 37.4 44.1
18-Aug 0 0.1 0.1 0.2 0.3
19-Aug
20-Aug 29.9 41.5* 43.9 37.8 44.3
21-Aug 0 0 -0.1 -0.4 -0.2
22-Aug
23-Aug
24-Aug
25-Aug 29.9 40.8 43.9 37.7 44.3
0 -0.1 0 0.1 0
26-Aug 29.8 40.9 43.8 37.8 44.3
0.1 -0.1 0.1 -0.1 0
27-Aug 29.9 40.8 43.8 37.3 44.4
28-Aug -0.1 0.1 0 0.5 -0.1
0.6 0.2 0.2 0.1 0 0.2 •0.1
43.6 44.3 44.1 44.3 44.9 44.9 45.2
-0.2 0 -0.2 0.1
40.8
-0.1 -0.1 0.1
43.2 44.3 43.9 40.7 44.7 44.9 44.9
0.4 0 0.2 0.1 0.2 0 0.3
43.3 44.3 43.7 40.7 44.8 45 45.3
-0.1 0 0.2 0 -0.1 -0.1 -0.4
43.2 44 43.8 40.2 44.7 45 44.7
0.1 0.3 -0.1 0.5 0.1 0 0.6
43.3 44.2 43.3 40.2 44.7 44.9 44.8
-0.1 -0.2 0.5 0 0 0.1 -0.1
43.3 44 43.4 40.3 44.8 45.1 44.8
0 0.2 -0.1 -0.1 -0.1 -0.2 0
43.3 44 43.4 40.3 44.7 45 44.8
0 0 0 0 0.1 0.1 0
43.4 43.5 43.5 40.3 44.8 45.1 44.9
-0.1 0.5 -0.1 0 -0.1 -0.1 -0.1
43.2 44.3 43.5 40.1 44.9 44.9 45
0.2 0 0 0.2 -0.1 0.2 -0.1
43.4 43.9 43.7 40.1 45 45 45
-0.2 0.4 -0.2 0 -0.1 -0.1 0
43.3 44 43.5 39.9 44.9 45 44.9
0.1 -0.1 0.2 0.2 0.1 0 0.1
43.2 43.8 43.6 39.3 44.9 44.8 44.8
0.1 0.2 -0.1 0.6 0 0.2 0.1
43.2 43.6 43.6 39.4 45 44.8 44.7
0 0.2 0 -0.1 -0.1 0 0.1
43.1 43.6 43.8 39.5 45.4 44.8 44.6
0.1 0 -0.2 -0.1 -0.4 0 0.1
43.3 43.7 44.2 39.6 45.3 44.9 44.7
-0.2 -0.1 -0.4 -0.1 0.1 -0.1 -0.1
43.2 43.6 43.9 39.8 45.3 44.8 44.6
0.1 0.1 O J -0.2 0 0.1 0.1
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29-Aug
30-Aug
31-Aug
1-Scp
2-Sep
3-Sep
4-Sep
5-Sep
6-Sep 29.8 40.6
0.1 0.2
7-Sep 29.6 40.7
0.2 -0.1
8-Sep 29.6 40.2
0 0.5
9-Sep 29.3 40.7
0.3 -0.5
10-Sep 29.8 40.6
11-Sep -0.5 0.1
12-Sep
13-Sep
14-Sep 29.5 40.5
0.3 0.1
15-Sep
16-Sep 29.5 40.6
17-Sep 0 -0.1
18-Sep
19-Sep
20-Sep
21-Sep 29.5 40.6
0 0
22-Sep
23-Sep 29.5 40.5
24-Sep 0 0.1
25-Scp
26-Sep
27-Sep
28-Sep
29-Sep
30-Sep 29 out
1-Oct 0.5 0
2-Oct
3-Oct
4-Oct
5-Oct
6-Oct
7-Oct
8-Oct
9-Oct 29 •
0 0
10-0ct 29 •
43.7 37.6 44.2
0.1 -0.3 0.2
43.8 37.8 44.4
-0.1 -0.2 -0.2
43.9 37.3 44.5
-0.1 0.5 -0.1
42.4
42.4 37.2 44.3
0 0.1 0.2
42.6 37.3 44.5
-0.2 -O.I -0.2
42.4 37.2 43.9
0.2 0.1 0.6
42.4 37.2 44.1
0 0 -0.2
42.5 37.1 44.1
-0.1 0.1 0
42.3 37.1 44.1
0.2 0 0
42.2 36.7 43.4
0.1 0.4 0.7
41.7 36.8 43.6
0.5 -0.1 -0.2
41.8 36.7 43.4
43.2 43.5 43.6
0 0.1 0.3
43.1 43.2 43.7
0.1 0.3 -0.1
43.2 43 43.3
-0.1 0.2 0.4
43.2 42.9 41.8
0 0.1 1.5
43 42.8 41.3
0.2 0.1 0.5
42.8 42.2 41.9
0.2 0.6 -0.6
35.1
42.9 41.3 35.4
-0.1 0.9 -0.3
42.8 38.5 34.8
0.1 2.8 0.6
42.3 36.6 32.9
0.5 1.9 1.9
42.1 36.1 32.8
0.2 0.5 0.1
42.4 34.6 gopher
-0.3 1.5 0
41.9 34 35.8
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39.6 45.5 44.8
0.2 -0.2 0
39.8 45.3 44.9
-0.2 0.2 -0.1
39.6 45.3 44.8
0.2 0 0.1
39.7 45.3 44.9
-0.1 0 -0.1
35.5
39.2 45 35.6
0.5 0.3 -0.1
39.2 44.8 35.5
0 0.2 0.1
39.1 45 35.6
0.1 -0.2 -0.1
39.2 45 35.5
-0.1 0
37.7
0.1
39 37.8 35.3
0.2 -0.1 0.2
37.5 37.1 34.1
1.5 0.7 1.2
36 37 32.5
1.5 0.1 1.6
36.3 36.5 32.4
44.4 
0.2
44.4 
0
44.4 
0
44.4 
0
44.4
0
44
0.4
44.2
- 0.2
44.1
0.1
43.9
0.2
43
0.9
42.4 
0.6
42.5
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il-O ct 0 0
12-Oct
13-Oct
14-Oct
15-Oct
16-Oct
17-Oct
18-Oct
19-Oct
20-Oct
2 1-Oct
22-Oct
23-Oct 28.9 *
0.1 0
24-Oct
25-Oct
26-Oct
27-Oct
28-Oct
29-Oct
30-Oct
3 1-Oct
1-Nov
2-Nov
3-Nov
4-Nov
5-Nov
6-Nov
7-Nov
8-Nov 28.7 out
9-Nov 0.2 0
10-Nov
11-Nov
12-Nov
13-Nov
14-Nov
15-Nov
16-Nov
17-Nov
18-Nov
19-Nov
20-Nov
2 1-Nov
22-Nov
23-Nov
24-Nov
25-Nov
26-Nov 28.8 *
27-Nov -0.1 0
Gully 45 9
0.4 0  0  0.2 2.1 -3 1.2 0.6 1.7 OS
41.5 36.6 43.6 42.1 34.6 33.2 36.2 35.9 31.9 42.3
0.3 0.1 -0.2 -0.2 -0.6 2.6 0.1 0.6 0.5 0.2
36
41.2 36.1 43.3 42.1 34.5 33.1 36.2 36.2 32 42.2
0.3 0.5 0.3 0 0.1 0.1 0 -0.3 -O.I 0.1
41.3 36.1 43.5 42 34.4 33.7 36.5 36.3 goph 42.3
-0.1 0 -0.2 0.1 0.1 -0.6 -0.3 -0.1 0 -0.1
8.2 10 7.8 8 12 15 35 37.5 37 38
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APPENDIX H.2
WATERSHED TWO COLLECTION TRENCH
MEASUREMENTS FOR PLOT 2B
Note: First row of numbers represents actual measurements from top mark to 
the top of sediments in the collection trench (cm). Second row of numbers 
represents the difference in sediment levels since the last measurement.
S lake t i n 2m 4oi 6m 8m l t m 12m 14m 16m 18m 26m 22m 24m 26m 28m 3 tm
19-Jus
20-Jun
21-Jus
45.2 44.2 45-3 44.7 44.9 4 5 44.8 45.2 45 45.1 44.7 44.4 45.2 44.7 44.7 4 4 3
22-Jun 45 44.1 44.9 44.6 44.4 4 5 44.5 45.2 44.5 44.9 44.5 * 44.8 44.2 44.5 43.7
0.2 0.1 0.4 0.1 0.5 0 0 3 0 0.5 0.2 0.2 0 0.4 0.5 0.2 0.6
23-Jun 45 43.9 44.9 44.4 M.2 44.9 44.5 45 44.4 44.7 44.6 43.9 45 44.2 4 4 3 43.7
24-Jun 0 0.2 0 0.2 0.2 0.1 0 0.2 0.1 0.2 -0.1 0 -0.2 0 0.2 0
25-Jun
26-Jud
27-Jus
28-Jun
29-Jun
30-Jua 45 44 45 44 3 44.4 4 5 44 5 4 5 3 44.5 44.9 44.9 43.8 44.5 4 4 3 42.8 43.7
1-Jul 0 -0.1 -0.1 0.1 -0.2 -0.1 0 -0 3 -0.1 -0.2 -0 3 0.1 0.5 •0.1 1.5 0
2-Jul
3-Jui 44.9 44 45 44.7 4 4 4 44.8 44.4 4 5 3 4 4 4 44.8 4 4 9 43.7 44.5 44.1 42.8 43.7
4-Jul 0.1 0 0 -0.4 0 0 .2 0.1 0 0.1 0.1 0 0.1 0 0.2 0 0
5-Jul 44.9 43.8 45 45.2 4 4 3 44.9 44.1 4 5 3 4 4 3 45 44.6 43.8 44.8 43.8 43.2 43.7
6-Jul 0 0.2 0 -0.5 0.1 -0.1 0 3 0 0.1 -0.2 0 3 -0.1 -0 3 0.3 -0.4 0
7-Jul 44.9 44.1 44.9 43.8 44.2 44.9 M3 45 44.2 44.8 44.7 44.1 4 4 3 4 4 3 43.2 43.5
8-Jul 0 -0 3 0.1 1.4 0.1 0 -0.2 0.3 0.1 0.2 •0.1 4 )3 0.5 -0.5 0 0.2
9-Jul 45 4 0 3 45.1 45.2 44.6 44.6 44.2 44.7 4 4 8 7 40.4 43.9 44.7 44.4 43.8 44.1
-0.1 0 -0.2 0 -0.4 0 3 0.1 0 3 -0.6 0 0 0.2 -0.4 -0.1 -0.6 -0.6
10-Jul 44.9 40.2 45 45.2 44.6 4 1 3 44.2 45.2 44.7 44.7 4 0 3 43.9 44.5 44.2 43.9 43.8
0.1 0.1 0.1 0 0 0 0 -0.5 0.1 0 0.1 0 0.2 0.2 -0.1 0.3
11-Jul 44.9 40.2 45 45.1 44.4 41.8 43.9 45.2 44.4 44.6 40.4 43.8 44.5 4 4 3 4 3 3 43.8
12-Jul 0 0 0 0.1 0.2 -0.5 0 3 0 0.3 0.1 -0.1 0.1 0 -0.1 0.6 0
13-Jul
14-Jul
15-Jul
16-Jui 44.9 40.1
41.7
41.9 47.2 44.8 41.2 44 45.1 44.4 44.2 4 0 3 43.2 44.5 43.8 43 43.7
17-Jul 0 0.1 -0.2 -2.1 -0.4 0 .6 -0.1 0.1 0 0.4 0.1 0.6 0 0.5 0 3 0.1
18-Jul
19-Jul 45.1 40 41.7 4 7 3 44.5 41 44.1 45.1 44.4 44.8 40.5 43.6 44.6 43.8 Dist 43.7
20-Jul -0.2 0.1 0.2 -0.1 0 3 0.2 -0.1 0 0 -0.6 -0.2 •0.4 -0.1 0 0 0
21-Jul 45 39.6 41.6 47.2 44.5 41.1 43.9 45.2 44.2 44.8 40 4 3 3 4 4 3 43.7 41.8 43.5
22-Jul 0.1 0.4 0.1 0.1 0 -0.1 0.2 -0.1 0.2 0 0.5 0 3 0.3 0.1 0 0.2
23-Jul 44.9 39.4 41.6 47.2 44.5 40.8 44 45.1 4 4 3 44.8 40 4 3 3 4 4 3 43.6 4 2 3 43.4
24-Jul 0.1 0.2 0 0 0 0 3 -0.1 0.1 -0.1 0 0 0 0 0.1 -0.5 0.1
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25-Jul
26-lul
27-Jul
28-iul
29-Jul
30-Jul 44.5 39.6 41.5 47.1 44.6 41.2 44.2 45 44.3 44.8 40.1 43.2 44.3 44.2 42.3 43.6
31-Jul 0.4 -0.2 0.1 0.1 -0.1 -0.4 -0.2 0.1 0 0 4).! 0.1 0 -0.6 0 -0.2
1-Aug 44 45.1 44.5 44.8 43.4 44.3 44.2 42.9 43.5
2-Aug 44.4 39.9 41.6 47 44.5 41.2 44 44.9 443 44.8 40 43.5 44.6 43.6 42.4 43.3
3-Aug 0.1 -0.3 -0.1 0.1 0.1 0 0 0.2 0.2 0 0.1 -0.1 -0.3 0.6 0.5 0.2
4-Aug
5-Aug
6-Aug
7-Aug
8-Aug
9-Aug
10-Aug 44.5 40 41.6 47.1 44.6 44.1 43.9 44.9 44.5 44.9 40 40.4 443 43.8 41.4 43.3
-0.1 -0.1 0 -0.1 -0.1 -2.9 0.1 0 -0.2 •0.1 0 3.1 0.3 -0.2 1
41.9
0
11-Aug 44.4 39.8 41.6 46.9 44.4 41.1 44 45 44.5 44.7 40 » 44.5 44.1 42 433
12-Aug
0.1 0.2 0 0.2 0.2 3 -O.I -0.1 0 0.2 0 0
43.2
-0.2 -03 -0.1 0
13-Aug 44.4 39.9 41.6 46.8 44.2 41 43.9 44.9 44.5 44.8 39.9 42.9 44.5 44.2 42.2 43.2
14 Aug 0 -0.1 0 0.1 0.2 0.1 0.1 0.1 0 -0.1 0.1 0.3 0 -0.1 -0.2 0.1
15-Aug 44.7 39.8 41.6 46.7 44.4 41 44 45.1 44.5 44.7 40 42.7 44.7 43.7 42.1 43.4
16-Aug
-03 0.1 0 0.1 -0.2 0 -0.1 •0.2 0 0.1 -0.1 0.2
38.5
-0.2 0.5 O.I -0.2
17-Aug 44.4 38.7 41.6 46.8 44.5 41.1 43.9 45.2 44.4 44.8 40 38.2 44.5 43.7 42.1 43.2
18-Aug
19-Aug
03 1.1 0 -0.1 -0.1 -0.1 0.1 -O.I 0.1 •0.1 0 0.3 0.2 0 0 0.2
20-Aug 44.5 39.8 41.5 46.8 44.4 41 43.9 45 443 44.8 40 37.9 44.6 43.8 42 433
21-Aug
22-Aug
23-Aug 
24Aug
-0.1 -1.1 0.1 0 O.I 0.1 0 0.2 0.1 0 0 03 -0.1 -0.1 O.I -0.1
25-Aug 44.5 39.8 41.4 46.7 44.3 40.9 43.8 45.1 44.1 44.8 39.9 37.8 44.5 43.6 42 43.3
0 0 0.1 0.1 0.1 0.1 0.1 -O.I 0.2 0 O.I 0.1 0.1 0.2 0 0
26-Aug 44.3 39.9 41.5 46.8 44.5 41 43.8 45 44.2 44.9 40 37.7 44.2 44 42.2 43.2
0.2 -0.1 -0.1 -0.1 -0.2 -0.1 0 0.1 -0.1 -0.1 -0.1 0.1 03 -0.4 -0.2 0.1
27-Aug 44.6 39.9 41.5 46.8 44.6 40.9 43.8 45.2 44.5 44.9 40 37.8 44.2 43.7 42 43.1
28-Aug -03 0 0 0 -0.1 0.1 0 -0.2 -03 0 0 -0.1 0 03 0.2 0.1
29-Aug
30-Aug
3 1-Aug
1-Sep
2-Sep
3-Sep
4-Sep
5-Sep
6-Sep 44.4 393? 41.4 46.6 44.4 40.9 43.7 44.9 44.4 44.9 40.1 37.7 44.4 43.6 41.9 43.1
0.2 0  0.1 0.2 0.2 0  0.1 03  0.1 0  -0.1 0.1 -0.2 0.1 0.1 0
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7-Sep 44.6 39.7 41.4 46.7 44.4 41 43.6 45 413 44.7 40 37.8 41.4 43.8 41.8 43.1
-0.2 0 0 •0.1 0 -0.1 0.1 -0.1 0.1 0.2 0.1 -0.1 0 -0.2 0.1 0
8-Sep 44.4 39.7 41.5 46.6 44.3 40.8 43.5 45 44.5 44.7 40.1 37.7 44.2 43.5 41.7 43.1
0.2 0 -0.1 0.1 0.1 0.2 0.1 0 -0.2 0 -0.1 0.1 0.2 03 0.1 0
9-Sep 44.9* 39.7 413 46.7 44.1 40.8 43.5 45 44.4 44.8 40 37.8 44.2 43.7 41.7 43.1
0 0 0.2 -0.1 0.2 0 0 0 0.1 -0.1 0.1 •0.1 0 -0.2 0 0
10-Sep 443 39.7 41.3 463 44.3 41.1 43.4 45 44.5 45.1 40.1 37.8 44.1 43.9 41.8 42.8
11-Sep -0.1 0 0 0.4 -0.2 -03 0.1 0 -0.1 -0.3 -0.1 0 0.1 -0.2 -0.1 0.3
12-Sep
13-Sep
14-Sep 443 39.8 41.2 46.7 44.3 43.5? 44.9? 44.5? 44.8 45.1 7 38 44.2 43.8 41.6 42.8
15-Sep 0 -0.1 0.1 -0.4 0 0 0 0 -03 0 0 -0.2 -0.1 0.1 0.2 0
16-Sep 443 39.7 41.2 46.7 44.5 41 433 45.2 44.5 44.8 40.2 37.9 44 43.5 41.7 42.9
17-Sep 0 0.1 0 0 -0.2 0 0 0 03 0.3 0 0.1 0.2 0.3 -0.1 -0.1
18-Sep
19-Sep
20-Sep
21-Sep 44.4 39.9 41.1 46.7 44.4 40.5 403 44.9 44.6 44.9 40 38 43.9 43.6 41.5 43
22-Sep -0.1 -0.2 0.1 0 0.1 0 0 0.3 -0.1 -0.1 0.2 -0.1 0.1 -0.1 0.2 -0.1
23-Sep 443 39.7 41 46.5 44.4 39.4 40.7 44.9 44.2 44.6 40.2 37.8 43.8 43.4 41.4 7
24-Sep 0.1 0.2 0.1 0.2 0 1.1 -0.4 0 0.4 0.3 -0.2 0.2 0.1 0.2 0.1 0
25-Sep
26-Sep
27-Sep
28-Sep
29-Sep
30-Sep 44.4 39.8 41 46.1 44.4 39.5 40 45 44.5 44.7 40 38 43.8 43.5 41.2 42.6
1-Oct -0.1 -0.1 0 0.4 0 -0.1 0.7 -0.1 -03 -0.1 0.2 -0.2 0 -0.1 0.2 0.4
2-Oct
3-Oct
4-Oct
5-Oct
6-Oct
7-Oct
8-Oct
9-Oct 443 • 40.9 46.5 443 39.2 40 44.9 44.5 44.6 40.1 38 43.7 43.6 41.1 42.7
lOOct 0.1 0 0.1 -0.4 0.1 03 0 0.1 0 0.1 -0.1 0 0.1 -0.1 0.1 -0.1
11-Oct 40.8*
12-Oct
13-Oct
14-Oct
15-Oct
16-Oct
17-Oct
18-Oct
19-Oct
20-Oct
21-Oct
22-Oct 45 41 40.9 42.1 42 39.5 39.5 44.9 38.8 44.8 40.9 40.2 42.5 43 40.5 42.8
23-Oct 44.8 41 40.9 42.1 42 39 393 44.6 38.7 44.6 40.9 39.9 423 43.1 40.4 42.6
24-Oct 0.2 0 0 0 0 0.5 0.2 03 0.1 0.2 0 03 0.2 -0.1 0.1 0.2
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250(1
26-Oct
27-Oct
28-Oct
29-Oct
30-00
31-00
1-Nov
2-Nov
3-Nov
4-Nov
5-Nov
6-Nov
7-Nov
8-Nov 44.8
9-Nov 0
10-Nov
11-Nov
12-Nov
13-Nov
14-Nov
15-Nov
16-Nov
17-Nov
18-Nov
19-Nov
20-Nov
21-Nov
22-Nov
23-Nov
24-Nov
25-Nov
26-Nov 44.8
27-Nov 0
28-Nov
29-Nov
30-Nov
 goph 40.7 42.3 41.8 39.1 39.3 44.7 38.9 44.6 goph 39.6 42.3 43 403 42.5
0 0.2 -0.2 0.2 -0.1 0 -0.1 -0.2 0 0 03 0 0.1 0.1 0.1
41.1 40.8 41.9 41.8 39.3 393 44.8 38.8 44.7 goph 393 goph 42.9 40 42.2
-0.1 -0.1 0.4 0 -0.2 0 -0.1 0.1 -0.1 0 03 0 0.1 03  0.3
6 1 9
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APPENDIX H3
WATERSHED TWO COLLECTION TRENCH
MEASUREMENTS FOR PLOT 2C
Note First row of numbers represents actual measurements from top mark to 
the top of sediments in the collection trench (cm). Second row of numbers 
represents the difference in sediment levels since the last measurement.
Stake Qm 2b 4 a ( a 8 a 10a 12a 14a 16a 18a 20a 22a 21a 26a 2*a JOB 32a
14-Jun 449 44.8 44.9 449 45 44.9 45 45.1 44 7 44.9 44.7 45.1 44.6 433 44.9 44.5 45.1
15-Jun
16-Jun
17-Jun
18-Jun 44.6 44.4 45.1 44.8 45 45 45.1 44.9 44.9 44.8 44.7 45 44.7 43.2 44.6 44.5 45.2
03 0.4 •0.2 0.1 0 -0.1 -0.1 0.2 -0.2 0.1 0 0.1 -0.1 0.1 03 0 -0.1
19-Jun 44.6 44.4 45 44.8 45 45 45.1 45 45 44.6 44.6 45.1 44.4 43.4 44.7 44.5 45
20-Jun 0 0 0.1 0 0 0 0 -0.1 -0.1 0.2 01 -0.1 03 •0.2 -0.1 0 02
21-Jun
22-Jun 43.7 44.3 44.8 44.7 44.7 45 45 44.7 45 44.6 44.7 44.9 44.5 433 443 44.4 44.7
0.9 0.1 0.2 0.1 03 0 0.1 03 0 0 •0.1 0.2 -0.1 0.1 0.4 0.1 03
23-Jun 44.2 443 44.6 44.6 44.7 44.9 45 44.4 44.8 44.5 44.7 44.9 44.5 43 44.1 443 44.5
24-Jun -0.5 0 02 0.1 0 0.1 0 03 0.2 0.1 0 0 0 03 02 0.1 02
25-Jun
26-Jun
27-Jun
28-Jun
29-Jun
30-Jun 44.8 443 444 44.7 44.8 443 443 443 44.7 44.4 44.8 44.7 43.9 42.9 433 out 44.2
1-Jul •0.6 0 03 •0.1 -0.1 0.6 0.7 0.1 0.1 0.1 -0.1 0.2 0.6 0.1 0.8 0 03
2-Jul
3-Jul 44.8 44.7 445 44.9 44.4 43.9 43.8 442 44.7 44.4 449 44.8 43.9 42.9 442 out 43.9
4-Jul 0 -0.4 -0.1 -02 0.4 0.4 0.5 0.1 0 0 •0.1 -0.1 0 0 41.9 0 03
5-Jul 44.7 444 446 44.7 44.6 453 43.8 413 44.8 444 41.8 44.7 44.1 42.8 44.1 out 44.1
6-Jul 0.1 03 -0.1 0.2 ■03 -1.4 0 -0.1 -0.1 0 0.1 0.1 -02 0.1 0.1 0 -02
7-Jul 44.8 443 44.6 44.7 44.4 453 44 443 44.8 446 44.8 44.9 43.9 42.8 44.2 out 44.1
8-Jul -0.1 0.1 0 0 0.2 0 ■0.2 0 0 ■0.2 0 -03 0.2 0 -O.I 0 0
9-Jul 44.7 443 44.8 45.1 43.9 44.2 44.4 44.5 44.8 M S 44.7 44.9 44 42.9 out 405 7
0.1 0 -0.2 -0.4 05 1.1 -0.4 -0.2 0 0.1 0.1 0 -0.1 ■0.1 0 0 0
10-Jul 44.1 443 44.6 44.6 44.4 44 443 443 44.8 44.4 44.9 44.7 43.8 42.9 43.17 • 42*
0.6 0 0.2 0.5 -05 0 2 0.2 0.2 0 0.1 -03 0.2 02 0 0 0 0
Il-Jul 44.6 443 44.5 44.8 43.9 44.2 43.9 448 44.7 44.4 44.9 44.7 43.8 42.8 30* out 42
12-Jul •0.5 0 0.1 -02 05 ■0.2 03 4)5 0.1 0 0 0 0 0.1 0 0 0
13-Jut
14-Jul
15-Jul
16-Jul 41.4 44.4 445 44.6 43.9 44.1 43.8 442 44.4 44.4 44.8 44.6 43.9 42.6 452 445 41.9
17-Jul 0.2 •0.1 0 02 0 0.1 0.1 0.6 03 0 0.1 0.1 -0.1 02 0 0 0.1
18-Jul
19-Jul 44.4 44.4 44.4 44.8 443 45.2 44.5 44.2 447 44.6 44.9 44.8 43.9 428 455 44.9 41.7
20-Jul 0 0 0.1 -03 -0.4 - I I -0.7 0 -03 •02 -0.1 -0.2 0 -02 4)3 4)4 0.2
21-Jul 44.4 443 44.7 44.7 45.1 443 44 448 44.6 45 45 43.6 425 45.2 44.4 415
22-Jul 0 0.1 -03 0.1 0 0.1 0 2 0.2 -0.1 0 -0.1 -02 03 03 0 3 0.5 0.2
23-Jul 43.8 44.4 443 445 44.6 455 44.4 44 445 44.7 45 44.9 43.6 425 45 44.2 415
24-Jul 0.6 -0.1 0.4 02 0 -0.4 -0.1 0 03 -0.1 0 0.1 0 0 0 2 02 0
25-Jul
26-Jul
27-Jul
28-Jul
29-Jul
30-Jul 43.7 44.2 442 445 44.6 445 444 43.9 445 445 45 45 43.6 42.4 45 a 41.5
0.1 03 Ol 0 0 1 0 0.1 0 03 0 -0.1 0 0.1 0 0 0
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31-M
1-Aug
ixumu-
lll ' 44.5 44.6 44.5 44.9 45 44.4 443 445 44.8 45.1 45 43.6 42.4 45 41.5
2-Aug 43.7 44.3 44.1 44.4 443 44.6 44.7 43.9 44.8 44.6 45 45 436 423 44.8 • 413
3-Aug
4-Aug
5-Aug
6-Aug
7-Aug
8-Aug
9-Aug
0 0.2 0 3 0.1 0.6 0.4 4)3 03 4)3 0.2 O.I 0 0 0.1 03 0 03
10-Aug 43.8 44.6 44.2 44.5 44.8 44.9 44.2 43.9 446 446 45 44.9 43.7 423 449 • 415
-0.1 -03 -0.1 -0.1 4)5 -03 05 0 0.2 0 0 0.1 -0.1 0 -0.1 0 -0.2
11-Aug 43.8 4*3 44.1 44.6 44.4 448 442 43.9 446 446 45 44.9 43.4 4X2 45 • 41.4
12-Aug 0 03 0.1 -01 0.4 0.1 0 0 0 0 0 0 03 0.1 -0.1 0 O.I
13-Aug 43.6 44.4 443 443 445 445 44.2 43.8 444 44.5 45 448 435 42.1 44.8 • 41.4
14-Aug 0.2 •0.1 -0.2 03 -O.I 03 0 0.1 0.2 0.1 0 0.1 4)1 0.1 0.2 0 0
15-Aug 43.7 44.4 443 44.4 44.6 44.8 445 43.9 446 41.6 45.1 45.2 43.6 42 44.7 • 413
16-Aug -0.1 0 0 -0.1 4)1 4)3 -03 4)1 4)3 -0.1 -0.1 4)4 4)1 O.I 0.1 0 0.1
17-Aug 43.8 44.5 44.2 44.4 44.6 45.1 443 443 445 446 45.1 45 43.5 42 44.6 * 413
18-Aug
19-Aug
-0.1 ■0.1 O.I 0 0
42.6
4)3 0.2 0 0.1 0 0 0.2 0.1 0 0.1 0 0
20-Aug 43.8 44.5 44.1 44.5 425 45 44.5 43.8 44.5 44.5 45 44.9 43.5 41.8 44.6 • 413
21-Aug
22-Aug
23-Aug
24-Aug
0 0 0.1 -0.1 0.1 O.I 4)3 0.5 0 0.1 O.I 0.1 0 0 3 0 0 0
25-Aug 444 44.2 44.6 0 42.5 44.9 44.1 43.8 44.5 44.6 45 44.9 43.5 41.8 445 • 41.2
•0.6 03 -05 0 0 0.1 0.4 0 0 •0.1 0 0 0 0 0.1 0 0.1
26-Aug 43.8 443 44 44.5 423 44.9 44.2 44 44.6 44.7 45.2 45 44.4 41.9 44.7 • 41.7
0.6 -0.1 0.6 0 03 0 4)1 4)3 -0.1 -0.1 -0.2 -0.1 4)9 -0.1 4)2 0 -05
27-Aug 43.9 443 44.1 445 42.4 45 44.4 44.1 447 44.8 45 45 43.6 41.7 44.6 • 41.2
28-Aug
29-Aug
30-Aug
31-Aug
1-Sep
2-Sep
3-Sep
4-Sep
5-Sep
-0.1 0 -0.1 0 -0.1 4)1 4)3 -0.1 4)1 4J.1 03 0 0.8 0.2 0.1 0 0.5
6-Sep 44.2 44.4 44 44.2 42.5 44.5 43.8 43.8 446 44.9 453 452 435 41.6 44.5 41.2
-03 ■0.1 0.1 03 -0.1 0.5 0.6 03 0.1 •0.1 4)3 4)3 0.1 O.I 0.1 0 0
7-Sep 44.4 443 44 44 425 448 44 43.7 44.6 44.8 453 n 433 415 44.5 41.4
-0.2 0.1 0 03 0 4)3 4)3 0.1 0 0.1 0 0 0.2 0.1 0 0 -0.2
8-Sep 44 44.4 43.9 43.8 42.2 445 43.7 43.7 44.4 44.7 453 45.2 433 41.8 44.6 413
0.4 -0.1 0.1 0 3 0 3 03 03 0 03 0.1 0 0 0 4)3 4). I 0 0  1
9-Sep 43.9 443 43.8 43.6 423 445 43.8 43.6 443 44.7 44.9 45.1 43.4 41.6 44.5 n
0.1 0.1 0.1 0.2 -0.1 0 4)1 0.1 0.1 0 0.4 0.1 -0.1 0.2 0.1 0 0
10-Sep 43.8 44.4 43.9 43.6 42.4 44.4 43.7 435 44.2 44.7 45 45.1 43.1 415 445 38.5 41.2
11-Sep
12-Sep
13-Sep
0.1 -0.1 •0.1 0 4)1 0.1 0.1 0.1 0.1 0 •0.1 0 03 0.1 0 0 0
14-Sep 44 44.4 43.9 43.7 425 445 43.7 43.6 44.4 44.8 45.1 45.2 43.1 415 44.4 38.5 41
15-Sep -03 0 0 -0.1 -0.1 -0.1 0 -0.1 -0.2 ■0.1 •0.1 -0.1 0 0 O.I 0 0 3
I6-Scp 44.1 44.4 43.9 43.6 42.9 44.4 433 43.5 443 44.8 45 453 433 41.4 44.4 38 41
17-Sep
18-Sep
19-Sep
20-Sep
-0.1 0 0 0.1 -0.4 0.1 0 5 0.1 0.1 0 0.1 0 4)3 0.1 0 0.5 0
21-Sep 44 443 438 43.7 4X4 443 43.7 43.7 goph 44.8 44.8 45 43.1 41.2 443 38 40.8
22-Sep O.I 0.1 0.1 -0.1 0 5 03 4)5 4)3 0 0 0 3 0 3 03 0 3 0.1 0 0 3
23-Sep 44 44.4 43.7 43.6 423 443 435 43.4 *o. 44.7 453 44.7 43 413 44.7 37.8 40.8
24-Sep
25-Sep
26-Sep
0 -0.1 0.1 0.1 0.1 0 0 3 03 8°Ph 0.1 -0.4 03 0.1 0 •0.4 03 0
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27-Sep
28-Scp
29-Sep
30-Sep 43.7
l-Oct 03
2-Oct
3-Oct
4-Oct
5-Oct
6-Oct
7-Oct
8-Oct
9-Oct 43.9
10-Oct •0.2
11-Oct
12-Oct
13-Oct
14-Oct
15-Oct
16-Oct
17-Oct
18-Oct
19-Oct
20-Oct
21-Oct
22-Oct 47.1
23-Oct 46.7
24-Oct 0.4
25-Oct
26-Oct
27-Oct
28-Oct
29-Oct
30-Oct
31-Oct
l-Nov
2-Nov
3-Nov
4-Nov
5-Nov
6Nov
7-Nov
8-Nov 462
9-Nov 0.5
10-Nov
11-Nov
I2-Nov
13-Nov
14-Nov
15-Nov
16-Nov
17-Nov
18-N'ov
19-Nov
20-Nov
21-Nov
22-Nov
23-Nov
24-N’ov
25-Nov
26Nov 463
27-Nov -0.1
28-Nov
29-Nov
443 43.6 43.6 423 44.2 433 43.5 433* 44.6 45.2 45 43 40.8 44.1 37.9
0.1 0.1 0 0 0 0 -0.1 0 0.1 0 -03 0 0.4 0.6 -0.1
4*.2 43.7 43 6 42.4 44.2 43.6 43.5 « 44.9 453 44.9 43.1 40.7 433 37.9
0.1 -0.1 0 -0.1 0 -0.1 0 0 -03 -0.1 0.1 -0.1 0.1 0 3  0
40.8
46 45.1 45.9 46.8 462 47.5 44.2 40.8 46 413 42.5 40.2 40.7 44 40.1
458 45.4 45.5 46.8 46 47.5 44 6 40.7 46 41.4 42.2 40.4 40.6 43.9 40
03  -03 0.4 0 02  0 -0.4 0.1 0 -0.1 03  -0.2 0.1 0.1 0.1
45.5 45.2 453 46.4 45.6 46.5 443 403 45.8 41.8 423 40.8 40.5 43.9 39.9
03 02  02  0.4 0.4 1 03  0.4 0.2 -0.4 4). 1 -0.4 0.1 0 0.1
45.6 452 45.1 46.5 45.6 469 442 402 45.9 41.6 (oph 403 403 43.9 39.9
-0.1 0 0 2  -0.1 0 -0.4 0.1 0.1 -0.1 0 2  0 0.5 0.2 0 0
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APPENDIX H.4
WATERSHED TWO COLLECTION TRENCH
MEASUREMENTS FOR PLOT 2D
Note: First row of numbers represents actual measurements from top mark to the 
top of sediments in the collection trench. Second row of numbers 
represents the difference in sediment levels since the last measurement.
SUfct « a  2 a  4 a  < a  8 a  18a 12a 14a H a  l l a  2 8 a  2 2 a  2 4 a  2 t a  28m 34a 3 2 a  Mb Me
17-Aug
18-Aug
19-Aug
20-Aug
21-Aug
22-Aug
23-Aug
24-Aug
25-Aug
26-Aug
27-Aug 255 25.1 24.9 24.4 25.2 24.8 25.0 24.8 24.8 24.6 24.8 25.1 25.2 25.0 25.7 25.0 253
28-Aug
29-Aug
30-Aug
31-Aug
1-Sep
2-Sep
3-Sep
4-Sep
5-Sep
6-Sep 24.7 24.6 24.9 24.0 24.2 241 245 24.5 24.4 24.6 243 24.0 240 243 25.1 25.0 25.0
0.5 0.5 0.0 0.4 1.0 0.7 0 5 03 0.4 0.0 0 5 1.1 1.2 0.7 0.6 0.0 03 0.5 0.5
7-Sep 247 24.5 24.8 24.0 24.0 245 247 243 245 245 24.1 23.7 242 225 25.2 24.7 24.9
0.0 0.1 0.1 0.0 0.2 -0.4 •0.2 05 -0.1 0.4 0.2 0 3 -0.2 1.5 -0.1 03 0.1 0.1 0.1
8-Sep 24.7 24.5 24.6 24.0 23.9 24.4 245 243 24.5 241 245 24.1 245 23.1 25.0 24.6 25 2
0.0 0.1 05 0.0 05 -05 03 0.2 -0.1 0 5 0.1 -0.1 -0.2 15 0.1 0.4 -0.2 0.2 0.1
9-Sep 245 24.2 24.4 23.8 236 24.0 24.5 240 245 23.9 243 23.6 23.9 223 25.2 245 245
0.2 05 0.2 0.2 0.3 0.4 -03 0 3 0.0 0.2 -0.1 0 5 0 3 0.8 •0.2 01 0 7 0.2 0.2
10-Sep 246 245 24.5 24.0 23.8 241 24.5 23.7 243 245 23.8 23.7 23.9 22.8 25.1 24.5 24.4
11-Sep •0.1 0.0 -0.1 -0.2 •0.2 -0.1 0.0 0 3 0.2 -03 0 5 ■0.1 0.0 -0.5 0.1 0.0 0.1 0.0 0 0
12-Sep
13-Sep
14-Sep 245 24.0 245 24.2 23.6 238 243 238 24.5 24.1 23.8 23.5 23.7 225 25.0 243 24.5 0.1
15-Sep 0 3 0.2 0.2 -0.2 05 0 5 05 •0.1 -0.2 0.1 0.0 0.2 0 5 03 0.1 0.2 -0.1 0.1 0.2
16-Sep 245 245 24.6 24.1 23.4 23.9 24.4 23.8 245 24.0 23.9 23.5 23.6 22.7 24.7 24.4 245
17-Sep 0.0 -05 -05 0.1 0 5 -0.1 -0.1 0.0 0.0 0.1 •0.1 0.0 0.1 •0.2 03 -0.1 0.0 0.0 0.0
18-Sep
19-Sep
20-Sep
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21-S«p 242 24.0 246  242 234  23.9 24 4  239  245 241 238 23.4 234 22.5 25.0 2 4 4  244
22-Sep 0.1 0 3  0.0 -0.1 0.0 0.0 0.0 -0.1 0.0 -0.1 0.1 0.1 0.2 0 2  -0.3 0.0 0.1 0.0 0.0
23-Sep 24.2 24.0 24.4 23.9 23.7 23.5 243 24.0 243 23.7 23.6 233 23.2 22.4 24.9 243 24.2
24-Scp 0.0 0.0 0.2 0 3  -03 0.4 0.1 -0.1 0.2 0.4 0.2 0.1 0 2  0.1 0.1 0.1 0.2 0.1 0.1
25-Sep
26-Sep
27-Sep
28-Sep
29-Sep
30-Sep 24.0 24.0 24.0 23 9  23.2 23.6 24 1 23.6 24.4 23.7 23.2 22.8 22 6 22.0 24.8 23.9 24.1
1-Oct 0.2 0.0 0.4 0.0 0.5 -0.1 0.2 0.4 -0.1 0.0 0.4 0.5 0.6 0.4 0.1 0.4 0.1 0.2 0.2
2-Oct
3-Oct
4-Oct
5-Oct
6-Oct
7-Oct
8-Oct
9-Oct 23.6 236 23.9 24.3 23.1 23.6 24.2 23.7 245 23.4 233 22.6 22.6 21.9 24.7 24.0 24.0
10-Oct 0.4 0.4 0.1 -0.4 0.1 0.0 -0.1 -0.1 -0.1 0 3  -0.1 0.2 0.0 0.1 0.1 -0.1 0.1 0.1 0.1
U-Oct
12-Oct
13-Oct
14-Oct
15-Oct
16-Oct
17-Oct
18-Oct
19-Oct
20-Oct
21-Oct
22-Oct
23-Oct 23.6 23.4 23.9 24.1 22.8 233 24.0 235 24.3 23.5 23.0 22.7 22.2 21.9 24.7 24.1 24.0
24-Oct 0.0 0.2 0.0 0.2 03  0 3  0 3  0.2 0 2  -0.1 03  -0.1 0.4 0.0 0.0 -0.1 0.0 0.1 0.2
25-Oct
26-Oct
27-Oct
28-Oct
29-Oct
30-Oct
31-Oct
1-Nov
2-Nov
3-Nov
4-Nov
5-Nov
6-Nov
7-Nov
8-Nov 23.5 23.4 23.4 23.9 226 23.1 23.6 23.4 24.1 232 225 223 22.5 21.9 24.7 23.8 23.8 0 2
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»-Nov 0.1 0.0 OS 02 0.2 0.2 0.4 0.1 02 02 05 04 -0.3 00 0.0 02 02 02
10-Nov
11-Nov
12-Nov
13-Nov
14-Nov
15-Nov
16-Nov
17-Nov
18-Nov
19-Nov
20-Nov
21-Nov
22-Nov
23-Nov
24-Nov
25-Nov
26-Nov 23.4 23 6 23.7 24.1 22.8 23.2 23.7 23.4 24.1 23.1 22.7 22.4 222 22 0 24.9 24.1 23.9
27-Nov 0.1 -0.2 -0.3 -0.2 -0.2 -0.1 -0.1 0.0 0.0 0.1 -0.2 -0.1 0.2 -0.1 -0.2 -0.3 -0.1 -0.1 -0.1
28-Nov 1.9
29-Nov
30-Nov
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APPENDIX
WATERSHED TWO COLLECTION TRENCH
MEASUREMENTS FOR PLOT 2E
Note: First row of numbers represents actual measurements from top mark to the 
top of sediments in the collection trench. Second row of numbers 
represents the difference in sediment levels since the last measurement (cm).
p l o t  trs
P  A » |
18-Atg
19-Aog
20-Aag
21-Aag 
22 Aag 
23-Aag 
24 Aag 
! 5 - A i | 
26-Aoir  am
» A a g
29-Aag
30-Aag 
3 1 A M
1-Sap
2-Sap
3-Sep
4-Sap
5-Sap 
6 S a p
'•S ap
5 S a p
9-Sap
RacaL
10-Sap 
M-Sap
12-Sap
13-Sap
14-Sap
15-Sap
16-Sap 
17 Sap 
IS-Sap 
19 Sap 
2 a  Sap 
21-Sap 
22 Sap 
23-Sap
24-Sap
25-Sap
26-Sap
27-Sap 
26S ap  
9 -S a p  
3& SapI Oct
2-Oel
3-Oct 
4 0 r t  
5 0 e t  
6 0 e t  
TOct 
S O ct 
9-Oct 
lOOct
II O c t 
1 2 0 e t 
13-Oct 
I4 0 e t  
1 5 0 c t 
1 6 0 e l 
iT O et
18-Oct
19-Oct
20-Oct
21-Oct
22 O c t
23 Oct
24-Oet
25-Oct 
260c t 
27-Oct
2 6 0 tt 
290C1 
3 aO et 
3 1 O c t 
1 Nov 
2-Nov
4 4 7  45 45  45  45 45.1 45.2 45  4 4 9  45.2 45 45.2 45 1 45 1 4 53  45 4  4 4 7  4 5 8  4 4 8  453
41.5 38 45 4 0 37 34 441 4 4 4 4 1 4 0 9 4 0 9 3 4 9
4 3 5
3 7 6 40
4 1 2
341
4 33
2 5 7 218 4 0 2 201 4 33 5 3 5
3.2 6 7 0 2 4 6 81 I I I i.l 1 0 8 4 3 41 103 5 9 51 71 176 2 29 5 6 24.7 2 732
3 6 3 38 45 4 0 37 341 4 21 43.7 4 0 9 391 34 3 8 9 3 9 7 3 5 4 4 2 2 3 8 9 361 3 5 5 2 1 4 4 13 0 3
5 0 2 0 3 0 1 0 3 0 1 2 0 3 3 3 1 8 6 9 -4 2 1 4 6 8 1 13.2 • 14 3 4 7 -13 •t •6JB
37 1 38 45 40 37 3 4 2 4 1 8 4 3 6 4 0 5 3 9 5 3 4 3 3 8 8 3 9 6 35 3 8 6 36 3 58 •» 2 1 4 41*3 0 1
4 )6 0 1 •0.1 4X2 0 •01 0 3 0 1 0 4 -0 4 0 3 01 01 0 4 3 6 2 9 0.3 0 0 0 8 3 4
3 6 4 38 45 40 37 33.9 4 0 7 4 3 3 4 0 6 3 9 3 3 4 7 3 8 4 39 3 5 7 4 1 4 3 8 2 2 5 4 •» 21 3 74 0 2
0 7 0 0 2 0 1 0 0 3 11 0 3 0 1 0.2 0 4 0 4 0.6 •0.7 2 8 -2 2 104 0 0 4 3 9 8 6 5
441
4 4 2
44
40
45
4 5
43
42
46
43
4 31
3 8 7
4 6 8
47
4 4 3
4 3 3
4 5 2
4 2 6
4 2 7
4 2 3
4 2 9
4 2 4
4 4 6
4 4 4
4867
4 4 2
434**
39.5
43.5
421
43 I 
4 2 5
46
4 5 6
4 3 4
4 2 9
5 0 5
47
4 1 4
4 0 6 0  7
4X1 4 4X2 0 9 2 4 4 4 4X2 1 2 6 0 4 0 5 0 2 0 0 1 4 0 6 0 4 0 5 3 5 0 8 138
4 0 6 39 44 41 40 37.1 4 6 7 41 1 4 0 4 4 2 7 4 0 2 43.7 4 2 5 3 5 4 41.9 41.1 4 0 5 4 2 3 29 r » 3 9 9 1 4
3 6 0 8 0 7 1 2 3.1 16 0 3 2 2 0 4 2 2 0 7 1.7 4 1 0 2 1.4 51 0 6 0 0 7 L46
3 9 6 40 44 42 40 37.7 4 6 5 4*14 40 41.2 3 8 5 43 41.5 M i 4 1 6 3 6 8 3 6 6 41.1 4 0 6 391 0 5 5
1 4X5 0 4X7 4X4 4X6 0 2 •0 3 Q4 1.5 1.7 0 7 1 113 0 3 4 3 3.9 1.2 0 0 8 136
3 83 39 44 42 40 37.1 3 6 2 41.2 4 01 401 381 4 2 3 41 4 35* 41.2 3 77 3 7 9 4 03 341 3 86 0 4 5
13 1 0.2 0 4 0 6 0 6 103 0.2 •0.1 11 0 4 0 7 0 0 0 4 •09 1.3 0.8 6 5 0.5 136
2 6 4 38 43 42 41 3 8 2 361 41 I
45.2V 4 0 3 3 9 9 41.6 4 0 6 23.7 39.9 3 7 5 3 75 3 7 ) 323 2 0 4 0 7
11.9 13 15 0 8 0 9 1.1 0.1 Ol 0 0 .2 1 8 0.7 0 4 0 13 0 2 0 4 3.2 18 182 2 62
3 9 9 44 43 42 45 4 2 9 4 3 4 4 0 5 45 37 8 411 4 1 8 181 34 3 5 4 4 3 9 4 0 8 4 13 4 9 8 4 6 6
2 4 7  33 42 40  44 4 2 4  42-6 4 0 3  42.9 3 * 2  41 401  3 6 3
1 52  U  1.1 1 7  1.2 0.5 0 8  0 2  2 1  4 4  0 1  1.7 1.9
3 2 8  4 03  3 8 8  3 8 3  30 2 1 9
2 6  3 6  2 3 198 2 4 7  4 9 9
4 2 7  47 44  47 44 4 5 6  4 2 6  4 0 1  45  6  41.1 451
3 1 3  47 43 47 43 4 5 7  4 2 5  4 0  4 6  4 1 4  4 4 5  43.9 4 2 4
11.2 0  0  4  0 3  0 6  -01 0 1  O l  - 0 4  413 0 6  0 2
k l  4 2 4  4 1 2  3 5 9  43.4 4 2 3  4 7 9
41
02
36.1 4 2 2  4 2 4  4 7 9
-02 1.2 -01 0
47 4 6 3
47 26
0  2 0 3  1*71
4 6 2  481
3 1 5  46  43 47 43 4 5 4  4 2 3  4 0  4 5 3  41 4 4 4  43 8  4 2 3  4 0 9  4 5 4  *123 41.9 47.3 4 5 8  4 7 6
0  Q 7 0  0  0 1  0 3  0  0  0 7  0 4  0 1  0 1  0 1  0 1  -93  4X1 0 3  0 6  0 4  0 5
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3 1 8  46  43 4 6  43 4 51  42.1 39.7 45.2 40 .7  4 4 5  43.5 41.8 4 0 7  45  2 41J  4 1 8  471  4 5 9  41.5
O J  0 2  0 4  0 3  O J O J 0 4  0 3  0 1  0 3  4X1 0 3  0 5  0 2  0  2 0  8  0  1 0 2  4 1  6 1  4 J 2
31 9  46  43 46  43 45 42.1 39 9  45 2 40  8  4*2 43.5 42 4 0 4  35.2 42.2 4 1 8  47 461  4 1 8
0 1  0.1 0 1  -0 1 -01 0 1  0  -0 2 0  -0 1  0.3 0  0 2  0 1  10 - 0 7  0  01  0 2  0 3  044
22-76
S ll
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APPENDIX H.6
WATERSHED TWO COLLECTION TRENCH
MEASUREMENTS FOR PLOT 2F
Note: First row of numbers represents actual measurements from top mark to the 
top of sediments in the collection trench. Second row of numbers 
represents the difference in sediment levels since the last measurement (cm).
Sukc 9m l a  4m 4m  ( ■  I d  l l i  I t a  I t a  I k  » ■  i h  14* V s  a *  M i  J l a  3 4 a  Ma Mt
n-Aui
18-Aug
19-Aug
20-Aug 
21 Aug
22-Aug
23-Aug
24-Aug
25-Aug
26-Aug 
27 Aug
28-Aug
29 Aug 4S.1 44.9 45.0 44.9 45.1 453 44.6 45.2 45J  450 449 45.5 45.1 452 44.8 45.1 45.2 43.4
30 Aug
31 Aug
1-Scp
2-Stp
3 Sep
4  Sep
5 Sep
6-Scp 43.4 41.2 9.0 9 1 21.9 43.0 41.7 27.7 30.7 433 43.1 44.2 447 405 43.0 40.1 423 15.2
1.7 3.7 36.0 35.8 23.2 23 29 173 146 13 1.8 13 04 4.7 1.8 5.0 2.9 282 103 33
7-Sep 413 37.4 7.7 83 21.9 40.2 40.7 37.6 30.4 433 42.7 43.5 441 39.5 420 393 41.0 140
1.1 3.8 13 0.8 ao 28 1.0 9.9 03 03 0.4 0.7 0.6 1.0 1.0 0.8 13 1.2 05 0.9
8-Sep 41.5 34.6 7.9 7.7 21.4 40.4 40.7 36.7 3&4 433 429 435 44.0 39.6 420 396 41.4 13.9
0.8 2.8 -0.2 0.6 03 0.2 0.0 a9 0.0 0.0 0.2 0.0 0.1 -0.1 0.0 03 -0.4 0.1 0.2 0.0
9-Scp 40.7 20.7 13.1 7.8 210 25.7 39.9 27.9 303 427 423 421 43.7 39.4 41.7 393 403 13.1
0.8 13.9 -5.2 4 )1 0.6 14.7 as 8.8 0.2 0.6 0.6 1.4 03 a2 03 03 0.6 as 21 0.6
Rtcalib. 40.6 40.9 42.8 42.2 42.6 41.8 413 41.8 44.1 413 429 373 39.7 36.1 45.0 47.7 385 435
10 Sep 4ao 38.5 414 413 416 41.8 40.7 41.7 407 41.1 428 36.7 393 35.7 447 46.4 38.0 423
11 Sep 0.6 2.4 0.4 0.7 0.0 0.0 0.6 0.1 3.4 0.2 0.1 0.6 0.2 0.4 03 13 05 1.0 0.7 0.5
12-Scp
13-Sep
14-Sep 39.9 380 41.8 403 422 420 40.4 415 403 40.9 424 363 39.0 34.8 426 43.2 37.8 41.9
15-Sep a i a 5 0.6 13 04 -0.2 03 0.2 0.4 0 2 04 04 05 0.9 21 3.2 0.2 0.6 0.7 0.4
16-Sep 398 380 41.6 402 415 421 40.4 415 401 41.7 424 356 389 34.7 425 44.7 375 40.7
17-Sep 0.1 0.0 a 2 0.1 0.7 -0.1 0.0 0.0 02 -OJ ao 0.7 0.1 0.1 0.1 15 03 12 0.1 0.1
IS-Sep
19-Sep
20-Sup
21 Sep 393 37.4 40.6 392 39.6 39.4 40.4 41.0 380 405 413 34.7 385 34.2 41.8 44.0 365 402
22 Sep 05 06 1.0 1.0 1.9 27 00 05 21 1.2 1.1 0.9 04 05 0.7 07 1.0 05 1.0 0.8
23 Sep 39.2 37.4 40.6 39.0 39.6 395 37.4 40.9 37.7 40.8 408 400 382 340 420 43.0 35.2 389
0.1 0.0 00 02 0.0 0.1 3.0 01 03 -03 05 53 03 0.2 -0.2 1.0 13 13 o o ij
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4 U  374 403 416 413 412 424  S?JQ 4 3 4  4 04  404 412  3 U  346 4 U  436  323 314
24-S e p
25-S e p
26-Sep
27-Scp
28-Sep
29-Scp
30-Sep 40.1 33.6 40.0 39 4 40.6 40.1 42.2 36.8 40.8 39.9 39.7 39.6 37.8 30.9 353 33.3 114 150
1 Oct I J  1.8 03  4.2 0.9 1.1 0.6 0.2 2.6 0 3  1.1 2.6 1.0 3.7 63  10.1 20.9 16.4 42  1.6
2-Oct
3-Oct 41.4 43.7 35.5 41.5 39.6 42.1 41.8 373 41.9 423 40.8 37.0 39.0 30.8 53.8 41.7 36.7 3&4
4-Oct
5-Oct
6-Oct 
7 Oct 
8-Oct
9 Oct 40.5 43.1 353 40.1 393 41.0 41.9 37.1 413 42.0 cavern 36.8 38.8 30.1 533 41.8 36.8 37.6
10-Oct 0.9 0.6 0.0 1.4 OJ 1.1 -0.1 03  0.6 0 3  0.0 0.2 0.2 0.7 0.5 4.1 -0.1 0.8 0.4 03
HOct 36.7 35.1 368 38.5
12 Oct
13-Oct
14-Oct
15-Oct
16-Oct
17-Oct
18-Oct
19-Oct
20 Oct
21 Oct
22-Oct
23-Oct 40.5 42.9 35.4 39.9 39.1 407 41.8 37.0 40.8 365 35.2 366 38.4 29.9 52.6 41.6 36.7 369
24-Oct 0.0 0.2 0.1 0.2 0.2 03 0.1 0.1 0 3  0 3  -0.1 0.2 0.1 0.2 0.7 0.2 0.1 0.7 0.2 0.2
25-Oct
26-Oct 
27 Oct 
28-Oct 
29 Oct 
30-Oct 
31 Oct
1-Nov
2-Nov
3-Nov
4-Nov
5-Nov 
6Nov
7-Nov
8-Nov 39.9 316 35.4 39.7 365 40.4 41.6 367 40.8 362 349 366 38.1 29.4 523 41.7 362 36.5
9-Nov 0.6 103 aO 0.2 0.6 03  0.2 0 3  0.0 03  0 3  0.0 03 0.5 OJ 0.1 0.5 0.4 0.9 03
10-Nov
11 Nov
12 Nov 
13-Nov 
14Nov 
I5Nov 
16Nov
17-Nov
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n-Sav
19-Now
20-Nov 
21 Nov
22-Nov 
IV Nov
24-Nov
25-Nov
26-Nov 40.1 33.7 356 399  38.5 40.4 41.4 36.6 40.7 35.7 349 365 38.1 29.4 S2.2 41.8 36.2 36.6
27-Nov -0.2 1.1 -0.2 -O’  0.0 0.0 0.2 01 0.1 0.5 0.0 0.1 0.0 0 0  0.1 0.1 0.0 0.1
28-Nov 
29 Nov
30-Nov
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APPENDIX I.I
WATERSHED THREE COLLECTION TRENCH
MEASUREMENTS FOR PLOT 3A
Note: First row of numbers represents measurements from top mark to the 
top of sediments in the collection trench. Second row represents 
the difference in sediment levels since the last measurement (cm).
Slake
7-Jun
8-Iun
9-Jun
10-Jub
11-Jun
12-Jun
13-Jun
14-Jun
15-Jun
16-Jim
17-Jun
18-Jim
19-Jim
20-Jun
21-Jun
22-Jun
23-iuo
24-Jim
25-Jun
26-Jun
27-Jun
28-Jun
29-Jun
30-Jun
1-Jul
2-Jul
3-Jul
4-Jui
5-Jul
6-Jul
7-Jul
8-Jul
9-Jul
10-Jul 
lt-Jul
8m 2m 4m 4m 8m 18m 12m 14m Mm 18m 28m 22m 24m 2fm Ma Me
45 44.9 44.9 44.9 453 455 44.8 45 444 44.8 44.9 44.4 44.9 442 Cat.
44.5 44.8 45.2 44.8 45 45.5 44.5 44.6 44.2 44.3 44.7 44.3 45 43.8
0.5 0.1 -0.3 0.1 03 0 03 0.4 0.2 0.5 0.2 0.1 0.1 0.4 0.19 0.2
43.2 44.6 453 44.8 45.1 45.5 448 445 443 44.5 44.8 442 44.8 43.6
13 0.2 -0.1 0 ■0.1 0 0 3 0.1 0.1 0 .2 0.1 0.1 0.2 0.2 0.09 0
434 44.8 44.9 446 45.1 45.4 44.7 44.8 44.2 44.4 44.9 442 44.6 43.8
•0.2 -0.2 0 0.2 0 0.1 0.1 0 3 0.1 0.1 0.1 0 0.2 0.2 0.01 0
42.9 44.2 44.9 444 44.8 45 44.4 44.2 44.1 44.2 44.8 44.2 44.7 44.3
03 0.6 0.4 0.2 03 0 4 03 0.6 0.1 0.2 0.1 0 0.1 0 .5 0.22 0.25
42.8 443 45 444 45 44.6 44.4 443 44 44 44.7 44 44.5 43.9
0.1 •0.1 -0.1 0 •0.2 0.4 0 0.1 0.1 0.2 0.1 0.2 0.2 0.4 0.09 0.1
423 44.1 45.1 442 44.9 453 448 44 43.8 44.7 44.7 44.1 44.7 44.1
0.6 0.2 -0.1 0.2 0.1 0.7 0 .4 03 02 0 .7 0 0.1 0 .2 0.2 0.06 0.05
42.2 44.1 452 4347 45 45.2 448 44 438 44.8 44.7 44.1 44.8 413
0 0 -0.1 0 ■0.1 0.1 0 0 0 0.1 0 0 0.1 0.2 O.IM 0
42.2 44 45.1 43.7 44.8 45 445 43.9 435 44.4 44.7 44.2 44.8 44.2
0 0.1 0.1 0 0.2 0.2 03 0.1 03 0.4 0 0.1 0 0.1 0.12 0.1
42.4 44.1 453 44.2 45.1 453 45 44.1 43.6 44.6 448 44.1 44.7 443
•0.2 •0.1 -0.1 -0.5 •03 0 3 0 5 0 2 0.1 0 .2 0.1 0.1 0.1 0.1 0.18 0.15
42.8* 43.9 45.2 44 45 45 44.7 44.1 43.6 44.4 448 44.1 44.7 44.2
0 03 0 0.2 0.1 03 03 0 0 0.2 0 0 0 0.1 0.11 0.1
423 44 45 43.8 45 44.9 44.7 443 435 44 5 443 44 44.7 44.2
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12-Jut 0.1 -Ol 0 2 0 3
13-Jut
14-Jul
15-Jul
16-Jul 42 43.9 45.1 43.9
17-Jut 03 0.1 -0.1 -0.1
18-JuJ
19-Jul 41.8 43.2 44.9 435
20-Jul 0.2 0.7 0.2 0.4
21-Jul 42.1 43.5 449 433
22-Jul -03 -0.3 0 0.2
23-Jut 41.6 435 44.6 43.4
24-Jul 0.5 0 0.3 -01
25-Jul
26-Jut
27-Jul
28-Jut
29-Jul
30-Jul 41.7 43.4 44.6 42.9
31-Jul -0.1 0.1 0 05
1-Aug
2-Aug 415 43.2 414 426
3-Aug 05 0.2 3.2 03
4-Aug
5-Aug
6-Aug
7-Aug
8-Aug
9-Aug
tO-Aug 41.9 434 44.4 42.9
-0.4 •0.2 -3 -0.3
1 i-Aug 41.2 433 44.4 42.7
12-Aug 0.7 0.1 0 0.2
13-Aug 41.4 43.1 44.2 426
14-Aug -0.2 0.2 0 3 0.1
15-Aug 41.2 42 44.5 42.7
16-Aug 0.2 0 -03 •0.1
17-Aug 413 41.7 44.4 42.2
18-Aug -0.1 03 0.1 05
19-Aug
20-Aug 41 415 443 42.4
21-Aug 03 0.2 0.1 -0.2
22-Aug
23-Aug
24-Aug
25-Aug 41 40 44.1 40.6
0 0 0 3 0
26-Aug 41 39.5 445 40.4
0 0 5 -04 0.2
27-Aug 40.7 39.1 44.1 403
03 0.4 0.4 03
0 O l 0 -0 2 O l •0.1
44.9 45 44.5 43.9 43.5 445
0.1 •0.1 0.2 0.4 0 0
44.7 45.2 44.2 43.7 43.4 44.1
0 5 -0.2 03 0.2 0 1 0.4
44.7 45 43.8 43.7 43.5 44
0 0.2 0.4 0 •0.1 0.1
44.6 45 43.7 43.9 433 43.9
0.1 0 0.1 -0.2 0.2 0.1
44.6 44.7 43.6 43.8 43.2 43.8
0 0 3 0.1 0.1 0.1 01
44.4 44.4 436 43.6 43.1 43.6
0.2 0.3 0 0.2 0.1 0 5
445 446 438 43.9 43.2 44
-0.1 •0.2 -0.2 -03 -0.1 -0.4
44.4 • 43.5 43.5 43 44
0.1 0 03 0.4 0.2 0
413 443 43.7 43.8 43.3 44
0.1 0 3 -0.2 •0.3 -03 0
44.2 44.2 43.6 435 43.2 43.8
0.1 0.1 0.1 03 0.1 0.2
44.2 413 43.5 43.4 43 43.8
0 -0.1 0.1 0.1 0.2 0
44.1 443 43.7 43.4 43.1 439
01 0 -0.2 0 •0.1 •0.1
44 44.8 435 433 42.7 43.9
0.1 -0.5 05 0.1 0.4 0
443 44.9 435 43.4 42.8 44
-03 -0.1 0 -0.1 -0.1 •0.1
44.2 44.8 43.3 435 42.8 43.8
0.1 0.1 0.2 •0.1 0 0.2
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0 5 O l 0 0 006 005
41.7 44 44.7 44
4)4 0 0 0 5 004 0
44.7 44.2 44.5 44
0 •0.2 05 0 0.18 0.2
44.6 44.2 444 43.9
0.1 0 0.1 0.1 004 005
448 44.3 44.8 439
4)5 •0.1 -0.4 0 0.02 0
44.8 445 44.9 44
0 0.1 -0.1 •0.1 0.08 0.1
44.7 44 1 44.9 43.9
0.1 0.1 0 0.1 037 0.2
44.8 44 45 43.6
-0.1 0.1 -0.1 03 -036 •0.2
44.8 44 44.7 44.5
0 0 03 ■0.9 0.11 0.1
44.9 43.9 449 44.2
-0.1 0.1 -05 03 000 0.05
44.8 43.9 44.8 43.9
0.1 0 0.1 03 009 0 1
44.9 43.9 44.9 43.9
-0.1 0 -0.1 0 0.06 0
44.9 43.7 44.7 43.7
0 0.2 0.2 0.2 005 005
44.9 437 44.6 43.6
0 0 0.1 0.1 0.05 005
45 43.7 453 43.6
4)1 0 -0.7 0 -0.09 -0.1
44.9 43.7 45.1 43.7
0.1 0 0.2 -0.1 0.14 0.15
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28-Aog 38.9
29-Aug
30-Aug
31-Aug
1-Sep
2-Sep
3-Sep
4-Sep
5-Sep
6-Sep 39.5 38.1 44 39.9 43.9 44.5 43.5 433 425 435 44.7 43.5 385 43.6
12 1 0.1 03 03 03 -0.2 0.2 03 03 0.2 0.2 0 4 0.1 034 0.3
7-Sep 39.8 37.4 43.8 39.5 44 44.5 435 433 42.4 433 44.7 43.5 38.4 43.6
4)3 0.7 0.2 0.4 4)1 0 0 0 0.1 0.2 0 0 0.1 0 0.09 0
8-Sep 39.8 37.6 43.9 39.4 44 44.5 435 43 425 435 44.8 436 386 43.6
0 4)2 -0.1 0.1 0 0 0 03 -0.1 -0.2 -0.1 -0.1 -0.2 0 -O.tM -0.0!
9-Sep 39.6 37.6 44 394 44.1 44 5 43.3 43.2 42.4 43.5 44.8 435 38.5 438
0.2 0 -0.1 0 4)1 0 0.2 -0.2 0.1 0 0 0.1 0.1 •0.2 0.01 0
10-Sep 39.7 37.1 43.7 393 44 44.5 433 43.1 423 43.4 44.7 43.6 38.6 436
11-Sep 4)1 0.5 03 0.1 0.1 0 0 0.1 0.1 0.1 0.1 -0.1 -0.1 0.2 0.09 0.1
12-Sep
13-Sep
14-Sep 39.7 37.8 43.7 39.2 44.2 44.5 43.4 43.2 42.2 43.2 44.7 435 38.5 435
15-Sep 0 4)7 0 0.1 4)2 0 ■0.1 •0.1 0.1 0.2 0 0.1 0.1 0.1 -0.03 0
16-Sep 40.1 37.8 43.8 39.1 44 44.5 433 43.1 42.1 43.4 44.7 43.5 38.4 43.5
17-Sep 4)4 0 -0.1 0.1 0.2 0 0.1 0.1 0.1 •0.2 0 0 0.1 0 0.00 0
18-Sep
19-Sep
20-Sep
21-Sep 39.8 37 435 39.1 43.9 44.3 43.2 43.1 423 43.4 44.7 43.6 38.2 433
22-Sep 03 08 0.3 0 0.1 0.2 0.1 0 -0.2 0 0 •0.1 0.2 0.2 0.14 0.1
23-Sep 39.4 36.8 433 39 43.9 445 42.6 434 42 43.6 44.4 43.5 38.4 43.2
0.4 0.2 0.2 0.1 0 -0.2 0.6 -0.3 0 3 •0.2 03 0.1 -0.2 0.1 0.10 0.1
24-Sep 42.5
25-Sep
26-Sep
27-Sep
28-Sep
29-Sep
30-Sep 393 36.2 42.6 38.5 43 9 423 43 2 42.8 42.1 43.4 44.6 43.6 38.2 43.1
1-Oct 0.1 0.6 0.7 0.5 0 2.2 -0.6 0.6 4)1 0.2 -0.2 4)1 0.2 0.1 0 3 0  0.15
2-Oct
3-Oct
4-Oct 
54Jct
6-Oct
7-Oct
8-Oct
9-Oct 393 35.5 42.8 38.6 44.1 42.5 42.8 423 42 43.4 443 43.4 38.1 42.7
lOOct 0 0 7  -0.2 4)1 4)2 -0.2 0.4 0 3  0.1 0 0 3  0.2 0.1 0.4 0.14 0.1
11-Oct
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12-00
13-00
14-00
15-00
16-00
17-Oct
18-00
19-00
20-00
21-00
22-Ocl
23-00 39.3 35.8 42.8 38.5 43.9 423 42.6 42.5 42 423 44.4 43.5 38 42.8
24-00 0  -03 0 0 1  0.2 0.2 0.2 -0.2 0 1.1 -0.1 -0.1 0.1 -0.1 008  0
25-00
26-00
27-00
28-00
29-00
30-00
31-00
1-Nov
2-Nov
3-Nov
4-Nov
5-Nov
6-Nov
7-Nov
8-Nov 39 35.9 42.8 383 43.8 423 42.5 423 41.4 43.1 443 43.3 • 42.5
9-Nov 0 3  -0.1 0 0.2 0.1 0 0.1 0.2 0.6 -0.8 0.1 0.2 0 0 3  0.09 0.1
10-Nov
11-Nov
12-Nov
13-Nov
14-Nov
15-Nov
16-Nov
17-Nov
18-Nov
19-Nov
20-Nov-
21-Nov
22-Nov
23-Nov
24-Nov
25-Nov
26-Nov 38.8 36.6 43 385  43 9 41.9 42.5 42 41.8 43.2 443 43.4 • 42.6
27-Nov 0.2 -0.7 -0.2 -0.2 -0.1 0.4 0  0 3  -0.4 -0.1 0 -0.1 0 -0.1 -0.08 -0.1
28-Nov
29-Nov
30-Nov
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APPENDIX 1.2
WATERSHED THREE COLLECTION TRENCH
MEASUREMENTS FOR PLOT 3B
Note: First row of numbers represents actual measurements from top mark to the 
top of sediments in the collection trench. Second row of numbers 
represents the difference in sediment levels since the last measurement (cm).
Sttfc* «m 4m 4m Am !«■ Urn 14m !6m 18m Jim 22m 24m Jim 28m Mm J2m 33.4m M«
10-Jim 45 449 448 449 452 45 45 45.3 45 45 443 45 45 45.4 451 449 445 45
11 Jim
12 Jim 
13-Jun 448 45.2 446 45 449 445 449 43J 447 446 441 446 448 452 44.7 44J 44.4 448
14-Jan 0.2 OJ 02 01 OJ 0.5 0.1 0 0.3 04 02 0.4 0.2 0.2 0.4 06 Ol 02 022
15-Jun
16-Jun
17-Jun
18-Jun 444 447 444 446 45 444 446 45J 449 444 44 445 44.9 451 444 445 45 449
04 0.5 02 04 -Ol 0.1 03 0 -02 02 Ol 0.1 -Ol 01 OJ 0 2 0.6 0.1 0.08
19-Jun 442 446 444 444 44.8 44.5 448 45.4 448 445 441 447 44.7 453 442 443 45.1 45
20-Jun 0.2 a i 0 02 02 -0.1 02 -Ol Ol -01 0.1 02 02 -02 02 02 0.1 0.1 0.01
21-Jun 
22 Jun 444 446 444 445 44.9 43.9 447 444 44.8 441 43.8 449 451 452 44 44 446 43.9
-02 0 0 -01 4X1 0.6 0.1 1 0 04 OJ -02 -0.4 01 02 OJ 05 l.l 0.20
23-Jun 43.9 444 443 444 448 442 445 45.3 445 444 43.8 444 444 452 43.8 43.7 448 448
24-Jun 05 02 01 01 0.1 -OJ 0.2 -09 OJ •OJ 0 05 0.7 0 02 OJ -02 0.9 0.03
25 Jun 
26-Jun 
2TJun
28- Jun
29- Jun
30- Jun 442 446 44.6 441 444 448 443 45.2 444 44.1 435 445 45J 449 43.9 43.6 448 447
1 Jul -OJ 02 03 03 04 -06 02 0.1 01 OJ 03 -Ol -09 03 O l 01 0 01 002
2-Jul
3-Jul 44.4 446 445 44 446 43.7 444 454 445 441 435 446 45J 45 44 43.5 448 446
4-Jul -02 0 0.1 01 -02 1.1 Ol 02 -Ol 0 0 -Ol 0 -a i -01 0.1 0 0.1 002
5-Jul
6-Jul
7-Jul 43.9 448 446 44 43.8 43.8 444 448 444 442 435 443 445 448 43.9 43J 446 44.7
8-Jul OJ -02 •0.1 0 08 -0.1 0 06 Ol -Ol 0 OJ 0.8 02 Ol 02 0 2 0.1 0.18
9-Jul 442 45 446 443 445 43.7 447 45 444 442 43.8 448 45 449 44 43.9 448 444
OJ 0.2 0 -OJ -07 0.1 -OJ -0.2 0 0 -OJ -05 -05 -01 -0.1 -0.6 0 2 OJ -024
la ju i 441 448 446 444 445 43 6 445 44.7 443 44 43.6 446 449 45 441 43.8 446 44.7
0.1 02 0 -0.1 0 O l 02 03 0.1 02 02 02 0.1 •01 •0.1 0.1 02 OJ O.OB
ll-Jul 44 449 446 44.5 444 43.6 445 45.2 442 44 43 6 447 44.9 449 43.9 43.8 44.9 448
12-Jul 0.1 Ol 0 -Ol 01 0 0 -05 0.1 0 0 -Ol 0 Ol 02 0 -OJ •0.1 003
13-Jul
14-Jul
15-Jul
16-Jttl 43.9 45 445 443 441 43.4 444 451 443 441 43.8 447 45 45 438 435 445 447
17-Jul 0.1 -0.1 Ol 02 03 0 2 01 0.1 -0.1 •Ol 4U 0 -Ol -Ol 01 03 0 4 0.1 007
18 Jul 
19-Jul 443 448 43.9 443 441 43.4 442 449 412 441 432 445 45.1 447 43.6 43*
45
449 445
2ajui -04 02 06 0 0 0 02 02 Ol 0 06 02 -Ol OJ 02 0 Ol 02 014
21 Jul 43.9 44.9 443 441 43.9 43 6 44 451 43.8 43.9 43 443 449 445 435 43.5 448 *47
22-Jul 0.4 -Ol -04 02 02 -02 02 -02 0 4 02 02 02 02 02 Ol 0 O l 02 OOB
23-Jul 43.7 45.1 444 441 438 435 44 448 43.8 43.9 43 445 45 445 438 435 446 442
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0.2
0.1
-0.05
ai
0.1
0.1
0.1
0.1
0.25
0.1
0
ai
02
02
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2 U 4 0.2 -02 •01 0 01 01 Q 03
25- Jul
26-Jul
27-Jul
28-Jul
29-Jul
30-Jri 436 449 44 44 435 433 438 45 1
31 Jii 01 0 2 04 a t 0.3 0.2 02 03
1-Aug
2-Aug 43 3 419 41 43 7 43 3 429 439 449
3-At*
03 0 0 03 0 2 04 0 1 0.2
443
4-Aug
5-Aug
6-Aug 
7 Aug 
8Aug 
9-Aug
IO-Aug 425* 415 44 44 433 43 3 43 9 447
0 04 0 0.3 0 04 0 0 2
11-Aug 43 442 44 43 7 434 432 44 45.1
12 At* 0 03 0 03 a i 0.1 -0.1 04
13-Aug 43 447 439 442 434 43 438 45
14-Aug 0 05 01 -05 0 0.2 0.2 01
15-Aug 43 447 437 436 431 43 436 45 2
I6-Aug 0 0 02 0.6 03 0 0.2 ■0.2
17 Aug 43 448 437 43.5 43 1 428 43 5 448
!8Aug
19-Aug
0 O l 0 01 0 02 a i 04 
44 2
20-Aug 429 447 439 435 43 1 427 434 44
21-Aug Q 1 01 •02 0 0 01 01 02
22-Aug
23-Aug
24-Aug
25-Aug 42 44 438 435 43 429 434 44
0 9 0.7
403
01 0 01 02 0 0
26-Aug 42 40.7 437 43.5 428 428 434 44
0 -04 01 0 02 01 0 0
27-Aug 413 40.5 436 435 426 427 433 44
28Ai*
0.7 0 2 01 0 
37 1
02 01 01 0
2 9 A t *
3 0 A u g
31-A ug
1-Sap
2-Sap
3-Sap
4-Sap
5- Sap
6-Sap 4 0 "  40 6 43 6 37 425 424 43 3 444
0.6 -0.1 0 01 01 03 0 04
"Sap 4Q7 40.5 434 368 426 423 43 2 444
o o.i 02  02  -oi o i  o i  o
8-Sap 40 5 398? 436 369 424 423 43 2 444
0.2  0  -02  -0.1 02  0 0 0
9-Sap 40.8 40 5 43 5 369 424 427 43 2 443
0 3  0 01 0 0 -04 0 0.1
10-Sap 4Q5 398 436 369 424 423 43.2 444
11-Sap 0.3 07  -01 0 0 04  0 -01
-0.2 - 0 1  0  0 3  0  0 2  O S  0 0 3  0
441 416 445 434 44 445 442
0 4  Q 4  0  0 4  O S  0-1 0  0  13 Q2
438 44" 444 43 2 43 5 444 44 1
0 3  0 1  0  1 0  2  QS 0  1 0  1 Q 16 0 1 5
44 416 444 43 5 44 5 442
-02 Q1 0 0 0 0.1 01 001 0
439 444 444 433 436 445 44
01 02 0 0 0 1 0 0 2 002 0
44 444 445 429 434 446 43 9
-01 0 0.1 04 0.2 O.I 0 1 001 0
43" 442 446 432 433 441 437
0.3 0.2 01 -0.3 01 05 0 2 0 12 01
436 441 445 429 43 I 441 435
0.1 01 0.1 Q3 0.2 0 Q2 o n 01
435 43.9 443 428 412 439 433
01 02 0.2 01 01 0.2 02 008 01
436 439 443 425 ■125 44 43 4
0.1 0 0 03 0? 0 1 a  i a  12 0
436 438 412 426 43 44 433
0 01 a t -01 0 5 0 01 001 0
435 44 44 426 428 439 43 2
a i -02 0.2 0 0 2 0.1 Ol 0.10 01
39
431 43.9 437 41 9 425 388 43
04 a i 0.3 0 7 0.3 02 0 2 017 0.15
428 441 437 41.7 42" 389 43.1
0.3 -02 0 02 -02 0  1 -Ol Q03 005
428 416 432 41.2 422 385 427
0 0.5 a s 0 5 05 04 0 4 0.17 01
429 43.7 435 41.6 423 387 43
•0.1 •Q1 -0.3 -04 -0.1 -0.2 0 3 0.13 -01
428 436 43.2 41 2 422 385 427
0 1 01 0.3 04 0.1 0 2 OJ 016 0.1
0 0 0
44 436 42"
0.2 03 0.3
43 8 43 5 427
0.2 01 0
43 8 43 7 423
0 -02 04
43 8 43 " 425
0 0  -0 2
43 8 43 7 424
0 0 01
43 7 43 6 42 4
01 01 0
43 6 43 5 423
01 01 Q1
436 434 422
0 0.1 01
43 6 43 5 423
0 -0 I Q1
43 7 43 1 422
-01 04  01
435 434 422
0.2 -0.3 0
43.5 43 3 42
0  0 1 0 2
43 4 43.2 421
0.1 01  4 1
43 3 43 2 42
0.1 0 01
434 43.2 421
0.1 0 4 1
43 3 43 2 42
0.1 0 01
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12-Sep
13-Sep
14-Sep 404 40.2
I5-S«p 01 •0.4
16- Sep 404 40.2
17-Sep 0 0
18- Sep
19-Sep
20- Sep
21 Sep 404 399
22 Sep 0 03
2) Sep 404 404
24- Sep 0 0 5
25 Sep
26- Sep
r-Sep
28 Sep
29 Sep
30- Sep 40.3 398
1 Oct 01 06
2 Oct
3-Oct
4- Oct
5-Oct
6-Oct
7-Oct
B-Ort
9-Oct 399 397
10-Oct 04 01
11-Oct
12 Oct
13-Od
14- Oct
15-Oct
16-Oct
17-Oct
18-Oct
19-Oct
20-Oct
21 Oct
22 Oct
2VOct 394 393
24-Oct <15 04
25- Oct
26-Oct
2" Oct
28-Oct
29 Oct
30 Oct
31 Oct
1-Nov
2-Nov
3-Nov
4-Nov
5-Nov
6-Nov
7-Nov
8-Nov 392 392
9-Nov 0.2 0.1
10-Nov
11-Nov
•OS 368 42.1 422 43.1 443 43 4 428
01 0.1 0.3 01 0.1 0.1 >^.1 04
43 7 368 423 422 43 1 412 43 3 427
0.2 0 0.2 0 0 01 01 0.1
43 3 36 7 42 1 42 2 43 1 412 43 4 429
04 0 1 02  0 0 0 0 1 -Q2
43 2 37 1 41 9 423 43 7 444 43 5 425
01 -04 0 2 01 -Q6 0 2 01 04
417 429 4 )7 4)2 41 4 421 385 427
0.3 0.1 -Q 1 0 0 2 01 0 0 004 01
419 43 438 43 3 41 3 422 386 429
0.2 -01 01 •0 1 0 1 0 1 -Q1 -02 -0 05 -005
41 6 429 436 4) 1 38 P 426 429
03 01 0.2 0.2 0 -04 0 0 Q06 0
41 - 43 437 432 41 3 422 385 429
•Q1 0 1 -01 •0 I 0 Q4 0.1 0 •006 -01
4)1 37 3 42 418 43 411 4 )4  429 415 423 43 3 43 1 41 2 421 38.2 422
QI -02 01 0 5 0 7  03 01 04  02 07 04  01 01 01 03 07  Q24 Q IS
43 37 7 41 8 42 428 44 2 43 2 42 5 415 42 " 4 )3  4)1 411 417 38.1 426
01 -04 0.2 4 2  0 2 01 02 04  0 04  0 0 Q1 0 4  0.1 04  Q(M 01
43 377 4 2  421 43 443 43.5 427 417 425 43 43 41 1 41" 383 425
0 0 0.2 01 -0.2 -01 0.3 -02 02 02 0.3 01 0 0 02  01
428 38 417 41.9 429 44 43 2 423 411 421 43.1 426 41.1 414 38 423
02 *03 0.3 02 0 1 0.3 0.3 04 0.6 04  -01 04 0 0 3 0.3 0.2 Q22 025
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12 -Now
13 - Now
14-Now
15-Now
16-Now
17-Now
18-Now
19-Now
20- Now
21-Now 
22 Now
23-Now
24-Now
25-Now
26-Now 39 3 39 3 43 3R2 417 42.1 43 I 44.2 43 I 42 5 416 423 434 42*T 41 418 38 42.5
2" Now 01 -01 -02 02  0 02 02 02 Q1 -02 05 -02 -03 0 1 0 1 Q4 0 02
28-Now
29-Now
30- Now
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APPENDIX J .l
WATERSHED FOUR COLLECTION TRENCH
MEASUREMENTS FOR PLOT 4A
Note: First row of numbers represents actual measurements from top mark to the 
top of sediments in the collection trench. Second row of numbers 
represents the difference in sediment levels since the last measurement (cm).
suk> 8m 2b 4m tm 8m 18M 12m 14m 18m 18m 28M 22m 24m 28m 28m 38m 32m 33m Mu
17-lul 45 454 446 44.8 448 447 449 45 45.1 455 45.2 44.8 447 44.8 449 45.1 44.7 45.1
18-Jal 45 456 447 448 448 447 447 45J 45J 45.7 45 444 446 445 449 4SJ 44.4 448
0 0.2 0.1 0 0 0 02 OJ 0.2 0.2 0.2 0.4 0.1 OJ 0 ■0.2 OJ OJ 0.03
19-Jul 448 448 ? • 448 447 447 45.1 4SJ 45.6 446 43.6 446 44.5 445 45.2 445 44
20-i  ill 02 0.8 0 0 0 0 0 0.2 0 0.1 0.4 0.8 0 0 0.4 0.1 0.1 0.8 0.21
21 Jul 445 45 444 • 445 447 449 451 44.9 45.7 446 43.4 445 442 435 44.8 • 412
22 Jul 0 J 0.2 0 0 OJ 0 OJ 0 0.4 -0.1 0 OJ 0.1 OJ 1 0.4 0 1.8 0 J7
23-Jul 443 453 7 • 445 445 447 45 447 45.6 445 43.1 442 43.5 43J 448 • 414
24 Jul OJ O J 0 0 0 OJ 02 0.1 0.2 01 0.1 OJ OJ 0.7 0.2 0 0 -0.2 0.14
ZS-Jul
26-Jul
27-Jal 
28Jul
29-Jul
30-Jul 44.4 45.2 445 • 44.5 44.5 446 448 448 45.5 445 43.2 44.1 43.5 43 43J •  41.7
-0.1 0.1 -0.1 0 0 0 0.1 0.2 -0.1 0.1 0 -0.1 0.1 0 0 J  1.5 0 0.7 0.17 0.05
31 Jul 44.6 447 42.2 415
1-Aug
2 Aag 442 449 441 44J 446 443 442 447  447 45.4 43.9 43 44 43.6 43 41.8 42 40.2
3-Aug 0.4 0 J  0.4 0.4 -0.1 0.2 04  0.1 0.1 0.1 0.6 0.2 0.1 -0.1 0 0.4 0.5 1.5 0J1  0.25
4-Aag
5-Aug
6-Aug
7-Aug
8-Aug
9-Aug
10-Aug 44 45 44.1 442 441 443 441 44.9 445 45.4 444 43 435 43.6 43 42 41.4 39.6
0.2 -0.1 0 0.1 05 0 01 -OJ 02 0 0.5 0 05 0 0 OJ 0.6 0.6 0.10 0
11-Aug 43.7 447 44 442 44 4 4 J 44.1 449 445 454 442 428 43.4 435 425 41.9 415 395
12-Aug OJ OJ 0.1 0 0.1 0 0 0 0 0 0.2 0.2 0.1 0.1 05 0.1 -0.1 0.1 0.11 0.1
13-Aug 43.4 448 43.8 443 44 44 44 448 445 45.2 441 416 43.4 43.4 416 41.9 41.6 39.4
OJ 0.1 OJ •0.1 0 OJ 0.1 0.1 0 02 0.1 02 0 01 -0.1 0 0.1 0.1 0.07 01
lAAug 41.9
15-Aug 4 3 J 448 43.8 442 44 43.9 44 448 444 45 442 416 42 434 416 40 41J 39
16-Aug OJ 0 0 a i 0 0.1 0 0 0.1 0.2 0.1 0 -0.1 0 0 1.9 0.4 04 0.18 0
17-Aug 408 446 43.4 442 44 43.9 44 449 444 448 44 413 4 t8 414 415 39.1 408 38.2
18-Aug 14 0.2 0.4 0 0 0 0 -0.1 0 02 OJ OJ 0.2 1 1.1 0.9 04 0 8 044 0.2
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t*A«f
20-Aeg 295 44.2 42.8 44 43.9 43.1 43.4 4 3 J  44 44.8 43.7 42.1 41.4 42.6 38.8 41.5 405 37.6
21-Aog I I J  &4 a 6  0.2 0.1 0.8 a 6  1.6 0.4 0 OJ 0.2 0.4 0.2 27  -2.4 OJ 0.6 0.99 0.4
22-Aug
23-Aug
24-Aug
27.5 41.1 41.9 43 435 42.5 42.5 42 43.4 444 43.6 41J 40.5 42 39 41.2 39.7 37.6
0.81 0.7
0.16 0.15
25-Aag 41.1 43 42.5 425 43.4 . 412 405 39 41.2
2 3.1 0 9 1 04 06 0.9 I J 06 0 4 0.1 0.9 09 06 4). 2 OJ 0.8 0
26-Aug 40.6 41 41.8 425 43J 42.1 421 41J 43.1 44 43J 41J 40.6 42 38.8 41.2 39.4 37.7
0 O.I 0.1 0.5 0.2 0.4 0.4 0 OJ 0.4 OJ 0.1 0.1 0 0.2 0 OJ O.I
27-Aug 31.4 40.9 41.7 4J.9 43J 421 422 41.2 43 44 43.1 41.2 40.5 41.8 38.8 321 393 375
28- Aug 9.2 0.1 0.1 0.6 0 0 0.1 0.1 0.1 0 0.2 O.I 0.1 0.2 0 0 0.1 0.2 0.61 0.1
29-Aug
30-Aug
31-Aug
1 Sep
2 Sep
3-Sep
4-Sep
5  Sep
6 Sep
7-Sep
8-Sep
9 Sep
10 Sep
11 Sep 
12-Scp 
13 Sep
2-Oct
3-Oct 
4 Oct
5-Oct
6-O c t
25.8 31.2 41J 415 43 42 41.5 40.7 428 43.6 43.1 40.9 40J 41.4 34.1 29.2 37.9 J7J
5.6 9.7 0.4 0.4 OJ 0.1 0.7 0.5 0.2 0.4 0 OJ 0.2 04 4.7 2 9 1.4 0.2 1.58
248 283 38J 40.2 43.2 41.8 40.7 39.1 41J 435 42.9 40.6 39.8 36.2 33.8 283 35.7 37
1 29 3 1J -OJ 0.2 0.8 16 15 0.1 0.2 OJ 05 5.2 OJ 0.9 23 OJ 1.23
25 28.4 40.1 40.1 43 41 39.8 38.6 41 43.6 42.7 46.2 395 36J 33J 28.4 36J 366
■0.2 0.1 1.8 0.1 02 0.8 0.9 0.5 OJ ■0.1 0.2 56 OJ 0.1 0.5 0.1 -0.6 0.4 0.24
248 28.4 39.7 39.9 43.4 40 39J 38.1 40.2 43.5 425 402 395 373 333 28.5 355 366
0.2 0 0.4 OJ -0.4 1 0.5 05 0.8 0.1 0.2 6 0 -1 0 0.1 0.8 0 0.51
247 28.4 39.8 40 43.6 403 39.1 383 40.1 43.8 426 40.2 395 36.9 33.4 28.4 35.6 36.7
0.1
42
0
34.7
0.1 -O.I -0.2 -OJ OJ 4 2 0.1 -OJ 0.1 0 0 0.4 0.1 0.1 -0.1 0.1 0.04
0.85
0.2
0.1
14-Sep 42.4 34 39 39.8 42.7 39 38 38.2 39 421 422 39.9 39.1 33.6 33.4 37.6 35.2 361
15-Sep 0.4 0.7 0.8 0.2 0.9 I J 1.1 0.1 1.1 1.7 0.4 OJ 0.4 3 J 0 9 J 0.4 0.6 0.21 0.5
16-Scp 31.8 335 39 39.7 426 38.5 37.1 37.6 38.7 42 322 39.7 387 33.7 33J 287 34.7 36
17 Sep 10.6 0 5 0 0.1 0.1 05 0.9 0.6 OJ 0.1 10 0.2 0.4 0.1 0.1 8.9 05 0.1 1.88 0J5
18-Sep
19-Scp
20-Sep 
21 Sep 31.1 33J 38.8 386 423 38.1 369 37.7 386 41.7 41.9 395 37.8 345 33.6 286 343 35.8
22 Sep 0.7 OJ OJ 1.1 OJ 0.4 0.2 0.1 0.1 OJ •9.7 0.2 0.9 0.8 ■OJ 0.1 0.4 OJ -OJI OJ
23 Sep 308 325 383 382 41 37.4 368 37 327 415 415 38.6 368 34 1 33 J 28.9 34.1 35J
24-Sep OJ 0.7 0 5 0.4 I J 0.7 0.1 0.7 0.9 OJ 0.4 0.9 I 04 0.4 4 3 0.2 0.5 052 0.45
25-Sep
26-Sep
27-Scp 30.9 325 378 383 40.8 37.4 36.7 36 36J 40.9 415 385 36.7 34 33 387 335 346
0.1 0 0.5 0.1 OJ 0 0.1 1 14 0.6 0 0.1 0.1 0.1 0.2 9.8 0.6 0.7 -0.24 0.1
28 Sep 45.7 44.4 39.9 43.1 40.2 415 43.9 45.6 46.6 45.8 43.6 43J 44.9 444 45 448 45.8 41.7
29-Sep 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
30 Sep 44 44.1 38.6 421 40 40.4 43.6 44 46 45 43.4 427 44J 435 43.7 4 3 J 43.9 40
1 Oct 1.7 OJ I J 1 0.2 1.1 OJ 1.6 0.6 0.8 0.2 0.6 0.6 0.9 I J 1.5 1.9 1.7 0.98 0.95
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7-0n  
8 Oct
9 0 c t 40.9 43J 38.1 42.1 40 40.8 43J 4S.2 45.6 44.7 43.2 418 44.1 43.4 43 41.5 39.1 40.7
10-Oct 3.1 08  05  0 0 -0.4 OJ 1.2 0.4 OJ 0.2 -O.I 0.2 0.1 0.7 1.8 4 8  4.7 0.60
11 Oct
12 Oct 
13-Oct 
14 Oct 
15-Oct 
16 Oct
17-Oct
18-Oct
19-0ct 
20 Oct
21-Oct 
22 Oct
23-Oct 40.1 419 38 41.7 ? 40.1 417 43.7 45.5 44.7 42.9 417 43.7 43.2 418 41 34.6 39
24-Oct 0.8 0.4 0.1 0.4 0 0.7 0.6 1.5 O.I 0 OJ 0.1 0.4 0.2 0.2 0.5 4 5  1.7 0.74
25-Oct 
26 Oct
27-Oct
28-Oct
29-Oct
30-Oct 
31 Oct 
I Nov
2-Nov
3-Nov
4-Nov
5-Nov
6-Nov 
7 Nov
8-Nov 39J 415 391 41.6 38.8 39.8 414 43.2 45 J  44.4 425 425 434 42.9 42.6 4 0 J  34.1 384
9-Nov 0.8 84  -1.2 0.1 1.2 OJ OJ 0.5 0.2 OJ 0.4 0.2 OJ OJ 0.2 0.7 0 5  0.6 0 J4
10-Nov
11-Nov
12 Nov
13 Nov
14-Nov
15-Nov
16-Nov
17-Nov
18  Nov
19 Nov
20-Nov
21 Nov
22 Nov
23-Nov
24-Nov 
25 Nov
26-Nov 39.4 414 39J 41.7 388 39.6 41.1 431 45 44J 42.4 43.6 43 418 ? 401 44J 383
27 Nov .0.1 0.1 0.1 -0.1 0 01  I J  0 OJ 0.1 0.1 -1.1 0.4 0.1 0 0.1 -10.2 0.1 0.51
28-Nov
29-Nov
30-Nov
17-Jul 51 21.2 7.1 7.8 5.4 91 !! 10.7 10.4 6.1 49 6 84 12.4 I4J 0.8 10.7 13.9
14 Aug 491 20.6 6.6 7.4 4.6 85 10.1 105 9.8 5.8 3.8 3.8 7.1 II 12 I J 9.6 82
27-Aug 33J 16.8 46 5.6 3.9 66 82 7.7 84 46 3 25 5.8 9.6 82 -2 7.4 65
6-Sep 24.1 16.7 45 5 3.9 66 83 7.6 83 46 2.8 2.4 5.7 9.4 82 2 7 J 63
9-Scp 17.7 41 19 31 3.6 55 5.9 5 63 42 14 7.4 4.7 3.9 17 -5.7 4 J 5.4
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APPENDIX J.2
WATERSHED FOUR COLLECTION TRENCH
MEASUREMENTS FOR PLOT 4B
Note First row of numbers represents actual measurements from top mark to the 
top of sediments in the collection trench. Second row of numbers 
represents the difference in sediment levels since the last measurement (cm).
U 2m 4m <01 8m 18m 12m 14m Mm 18m 2<m 22m 24m 2<m r r s Mb M*
17-Jul 44.9 45.2 45.1 45 45.5 44.9 45.4 44.7 45.1 45 45 45.1 45.1 45 4 S J
18-Jul 44.8 45 4 5 5 45.1 45.6 45 45.4 44.9 45.1 45 44.9 45.1 4 5 3 45 45.6
0.1 0.2 -0.4 •0.1 -0.1 -0.1 0 -0.2 0 0 0.1 0 -0.2 0 -0.1 0.05 0
19-Jul 4 4 3 45 4 5 J 44.8 45.7 44.9 4 5 J 44.9 45.1 44.9 44.7 44.7 45.1 45.1 45.7
20-Jul O J 0 O J 0.3 ■0.1 0.1 0.1 0 0 0.1 OJ 0.4 0.2 •0.1 •0.1 0.11 0.1
21-Jul 4 4 J 45 45.4 4 4 4 45.7 45.2 44.8 44.8 4 5 3 44.5 447 44.7 45.1 4 18 44.9
22-Jul O J 0 -0.1 0.4 0 •03 0.5 0.1 •0.2 0.4 0 0 0 03 0.8 0.15 O.I
23-Jul 4 4 J 44.9 45.5 44.4 45.5 45 45 44.7 4 4 8 45.1 4 4 J 44.5 45.2 44.6 42
24-Jul 0 0.1 -0.1 0 0.2 0.2 •0.2 0.1 O J -0.6 0.2 0.2 -0.1 0.2 2.9 0.27 0.1
25-Jul
26-Jul
27-Jul
28-Jul
29-Jul
30-Jul 44.40 44 9  45 4 44.6 45.4 44.7 45 1 43.7 44.8 45.2 44.6 44.2 45.2 44.4 41.2
31-Jul -0.10 0.00 0.10 -0.20 0.10 0.30 -0.10 1.00 0.00 -010 -0.10 0 3 0  0 0 0  0 2 0  0 8 0  0.08 0
1-Aug
2-Aug 44.4 45 45.5 44.2 45.5 44.8 45.1 44.8 44.7 45 44.4 44.1 45.1 44.2 41.1
3-Aug 0.00 -0.10 -0.10 0.40 -010  -0.10 0 0 0  -1.10 0.10 0.20 0.20 0.10 0.10 0.20 OIO 0.06 0.1
-1-Aug
5-Aug
6-Aug
7-Aug
8-Aug
9-Aug
10-Aug 44.2 45 45.4 443 45.5 44.9 45.1 44 5 4 4 3 44.9 44.5 44.1 45 44 40 2
0.2 0 0.1 -0.1 0 ■0.1 0 0 3 0.4 0.1 -01 0 0.1 0.2 0.9 0.14 0.1
11-Aug 43.9 45.1 4 5 J 44.5 4 53 44.8 453 44.6 44.6 45.1 44.8 44 45.1 44.1 4 0 3
12-Aug 0 3 •0.1 0.2 -0.2 0.2 0.1 -0.2 -0.1 -0 3 -0.2 -03 0.1 -0.1 •0.1 -0.1 0.05 0.1
13-Aug 43.9 45 4 53 44.4 45.4 44.5 453 4 4 J 43.8 44.9 413 43.5 43.7 418 36.7
14-Aug 0 0.1 -0.1 0.1 -0.1 0 3 0 0.1 0.8 OJ 0.5 O J 1.4 23 3.6 0.64 0.2
15-Aug 43.7 44.9 45.1 4 43 4 5 J 43.6 44.9 44.1 4 4 J 44.7 443 41.8 42.9 41.5 3 6 J
16-Aug 0.2 0.1 0.2 0.1 0.2 0.9 0.4 0.4 -0.4 0.2 0 1.7 0.8 03 0.2 0.29 0.2
17-Aug 4 38 4 4 8 45 4 43 4 5 J 43.9 45 443 44 4 4 J 443 42 42.7 41.9 36.8
18-Aug -0.1 0.1 0.1 0 0 -03 -0.1 -0.2 0.2 OJ 0 -0.2 0.2 -0.4 -03 0.05 0
19-Aug
20-Aug 433 44.7 44.8 44 37* 34.7* 44.2 4 2 J 4 3 3 433 43.5 40 40 39 35.8
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2T-Aug 0 5 01 0.2 O J 0.8 18 0.7 1.2 0 8 j 2.7 2.9 1 I I S 0.8
22-Aug
23-Aug
24-Aug
25-Aug 43.1 44 44.2 43 41.6* 40.4* 43.9 42.6 43.2 43 43 40 402 39.5 298*
0.2 0.7 0.6 I OJ -0.1 0.1 OJ 0.5 0 -0.2 •0.5 0 O.JI 0.25
26-Aug 43.1 43.9 44.1 43 41.8 4 0 J 43.9 42.5 43 43 43.1 40 40.2 39 29.9
0 0  I O l 0 •0.2 -0.1 0 0.1 0.2 0 -0.1 0 0 0 5 -0.1 0.05 0
27-Aug 43 43.8 44.2 43.4 41.5 40.2 43.7 4 25 43 42.7 43 40.2 40 39.1 29.7
28-Aug 0.1 0.1 •0.1 -0.4 0 3 0.1 0.2 0 0 OJ 0.1 -0.2 0.2 -O.i 0.2 0.11 O.I
29-Aug
30-Aug
3 1-Aug
1-Sep
2-Sep
3-Sep
4-Sep
5-Sep
6-Sep 42-5 43.5 4 3 8 42.6 41.9* 4 0 J 42.9 41.5 3 96 42.5 40.9 39.5 39.5 3 9 J 29.1
0.06
0.5 OJ 0.4 0 8 -0.4 41.1 0 8 1 3.4 0.2 2.1 0.7 0.5 -02 0.6 0.71 OJ
7-Sep 42.2 43.4 4 2 J 4 2 5 35.8* 34.4* 42.9 41.6 38.3 • 40.8 3 9 J 39.2 38.2 26.8 0.6
OJ 0.1 1-5 O.I 6.1 5.9 0 -0.1 1.3 0.1 0.2 O J 1.1 2 J 1.2
1.2
0.25
8-Sep 42 43.2 42.5 4 25 35.9* 34* 42.8 42.1 38.4 41.9 393 39 38.1 262
0.2 0.2 -0.2 0 •0.1 0.4 01 •0.5 •0.1 0.6 0 0.2 0.1 0.6 0.18 0.15
9-Sep 41.9 43 41.9 42.5 35.7* 33.8* 42.6 41.6 38.3 36.7 41.2 392 39 37.9 276 1.02
0.1 0.2 0.6 0 0.2 0 ’ 0.2 0 5 0.1 5 2 •0.4 0.1 0 0 2 -14 0.39 0.2
10-Sep 42 43.2 41.2 42.5 34.9* 33.5* 4 2 5 41 38.4 372 41 39.2 39.2 38.1 26.8
11-Sep -0.1 -0.2 0.7 0 0 6 0.3 0.1 0.6 -O.I ■0.5 0.2 0 -0.2 -0.2 0 8 0.15 0
12-Sep
13-Sep
14-Sep 41.6 42.8 40.8 4 2 J 34.1* 33 42 40 37.8 36.6 40.3 3 85 38.7 37.6 22.6
15-Sep 0.4 0.4 0.4 0.2 0.8 0.5 0 5 1 0.6 0.6 0.7 0.7 0 5 0.5 4.2 0.8 0.5
16-Sep 41.4 42.6 4 0 9 43 34.2 32.2 42 38.8 38 3 65 39.9 3 8 6 39 38 22.8
17-Sep 0.2 0.2 -0.1 •0.7 -0.1 0.8 0 1.2 •0.2 0.1 0.4 •0.1 -0.3 -0.4 -0.2 0.05 O.I
18-Sep
19-Sep
20-Sep
21-Scp 40.8 4 2 J 40.9 42.9 33.5 325 41.8 38.2 37.8 36.6 39.9 3 8 J 38.9 36.7 22.4
22-Sep 0.6 O J 0 O.I 0.7 -OJ 0.2 0.6 0.2 -0.1 0 OJ 0.1 I J 0.4 0.29 0.2
23-Sep 41 40.9 4 0 5 42.5 33.9 33 41.9 3 8 J 38.5 36 39.9 38.2 38.9 36.6 225
24-Sep -0.2 1.4 0.4 0.4 -0 4 •0.5 -0.1 -0.1 •0.7 0.6 0 0.1 0 0.1 -0.1 0.06 0
25-Sep
26-Sep
27-Sep 41 41.1 4 0 J 42.4 34.4* 33* 41.8 39.1 39.1 3 63 39.7 3 82 38.9 36.7 22.2
0 •0.2 0.2 O.I -0.5 0 0.1 -0.8 -0.6 •OJ 0.2 0 0 -0.1 O J ■0.05 0
Recalib. 42.2 4 2 J 46.6 41.2 4 3 J 44.8 46 42 39.1 35.1 43.2 4 3 8 47.7 442 35.5
28-Sep
29-Sep
30-Sep 4 2 ’ 42.1 4 6 5 40.8 42.9 44.4 45.7 41 38.5 35 43.1 4 3 J 46.9 39.6 332*
1-Oct 0 0.2 0.1 0.4 0.4 0.4 O J 1 0.6 0.1 0.1 0 5 0.8 4.6 2.3
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2-Oct
3-Oct
4-0ct
5-Oct
6-0ct
7-Oct
8-Oct
9-Oct 42.2 4 1 9  46.2 40.7 4 23  41.6 44.9 38.6 36.1 33.7 423 41.7 4 63  35.2 29.6
10-0ct 0  0.2 0.3 0.1 0.6 2.8 0.8 24  2 4  13  0.8 1.6 0.6 4.4 3.6
U-Oct
12-Oct
13-Oct
14-Oct
15-Oct
16-0ct
17-Oct
18-Oct
19-Oct
20-Oct
21-Oct
22-Oct
23-Oct 41.8 41.8 45.7 40.8 41.9* 40.6 44.6 38.4 36.1 33.7 41.9 43.1 46.1 42.5 41.6
24-Oct 0.4 0.1 0.5 -0.1 0.4 1 0 3  0.2 0  0  0.4 -1.4 0.2 -73 -12
25-Oct
26-Oct
27-Oct
28-Oct
29-Oct
30-Oct
31-Oct
1-Nov
2-Nov
3-Nov
4-Nov
5-Nov
6-Nov
7-Nov
8-Nov 41.9 41.6 45.5 40.5 41.7 40.9 44.4 39.9 35.5 33.4 41.7 42.5 45.7 41.9 41.4
9-Nov -0.1 0 2  0.2 0.3 0.2 -0 3  0 3  -1.5 0.6 0 3  0.2 0.6 0.4 0.6 0 2
10-Nov
11-Nov
12-Nov
13-Nov
14-Nov
15-Nov
16-Nov
17-Nov
18-Nov
19-Nov
20-Nov
2 1-Nov
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22-Nor
23-Nov
24-Nov
25-Nov
26-Nov 41.8 41.7 45.6 40.6 41.9 40.6 44.9 41* 35.8 33.5 41.8 42.5 45.7 41.8
27-Nov 0.1 -0.1 -0.1 -0.1 -0.2 0.3 -0.5 -1.1 -OJ -0.1 -0.1 0  0  0.1
28-Nov
29-Nov
30-Nov
4 14
0
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APPENDIX K 
LIST OF CORES COLLECTED FOR 137-CESIUM 
ANALYSIS, INCLUDING WHETHER ANALYZED
Description: This is a list of cores and samples collected for 137-Cesium 
analysis. Yes or No indicates whether or not sample actually was 
analyzed. Bold font indicates samples that were collected, or 
re-collected, in 1998.
SITE! SITE 2 SITE 3
1 2 3 1 2 3 1 2 3
0-10 cm YES YES YES 0-15 cm YES YES YES 0-10 cm YES YES YES
10-20 cm YES YES YES 15-30 cm YES YES YES 10-20 cm YES YES YES
20-30 cm YES YES YES 15-20 cm YES YES YES 20-30 cm YES YES YES
30-40 cm YES YES YES 20-25 cm YES YES YES 30-40 cm YES YES YES
40-50 cm YES YES YES 25-30 cm YES YES YES 40-50 cm YES YES YES
0-5 cm YES YES YES 30-40 cm YES YES YES 0-5 cm YES YES YES
5-10 cm YES YES YES 40-50 cm YES YES YES 5-10 cm YES YES YES
10-15 cm YES YES YES 10-15 cm YES YES YES
15-30 cm YES YES YES 15-30 cm YES YES YES
SITE 4 SITE 5 SITE 6
1 2 3 1 2 3 1 2 3
0-15 cm YES YES YES 0-10 cm YES YES YES 0-15 cm YES YES YES
Aug-98 YES YES YES 10-20 cm YES YES NO Aug-98 YES YES YES
15-30 cm YES YES YES 20-30 cm YES YES YES 15-30 cm YES YES NO
15-20 cm YES YES YES 30-40 cm YES NO YES 15-20 cm YES YES YES
20-25 cm YES YES YES 40-50 cm YES YES YES 20-25 cm YES YES YES
25-30 cm YES YES YES 50-40 cm YES YES YES 25-30 cm YES YES YES
30-40 cm YES YES YES 40-70 cm YES YES YES 30-40 cm YES YES YES
40-50 cm YES YES YES 0-5 cm NO YES YES Aug-98 YES YES YES
Aug-98 YES YES YES 5-10 cm YES YES YES 40-50 cm YES YES YES
10-15 cm YES YES NO Aug-98 YES YES YES
15-30 cm YES YES YES
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SITE 7 SITES
1 2 3 1
O-lOcm YES YES NO 0-15 cm NO
10-20 cm YES NO NO Aug-98 YES
20-30 cm YES NO NO 15-30 cm YES
30-40 cm YES NO NO 30-40 cm YES
40-50 cm YES NO NO Aug-98 YES
0-5 cm YES YES YES 40-50 cm YES
5-10 cm YES YES YES
10-15 cm YES YES YES
15-20 cm YES YES YES
20-25 cm YES YES YES
25-30 cm YES YES NO
SITE 9
2 3 1 2 3
YES YES 0-15 cm YES NO YES
YES YES Aug-98 YES YES YES
YES YES 15-30 cm YES NO YES
YES YES 15-20 cm NO YES YES
YES YES 20-25 cm YES YES YES
YES YES 25-30 cm NO YES NO
30-40 cm YES NO YES
Aug-98 YES YES YES
40-50 cm YES YES NO
Aug-98 YES YES YES
50-60 cm YES YES YES
60-70 cm YES YES YES
70-80 cm YES YES YES
80-90 cm YES YES YES
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APPENDIX L 
137CESIUM RESULTS CONVERTED TO 
MASS (pCi/g and mBq/g) EQUIVALENTS
FORESTED CULTIVATED
SITE 1 SITE 2
Depth pCI/f mBq/l Depth pCVl mBVi Depth PC 1/| mBq/» Depth pCi/i mBqft Depth pCKi mBtft
0-15 cm 0.119 4.403 0-5 cm 0.186 6.882 0-10 cm 0.110 4.07 0--15 cm 0.12 4 44 0-15 cm 0.12 44 4
15-30 cm 0.071 1627 5-10 cm 0.159 5.883 10-20 cm 0.040 1.48 15-30 cm 0.07 2405 15-20 cm 0.04 1.48
30-40 cm 0030 1.110 10-l.Scm 0012 0.444 20-30 cm o o tn 037 304 0  cm 007 2.99 20-25 cm 0(15 1X5
40-50 cm 0.039 1443 15-30 cm 0.071 2.627 3 0 4 0 cm 0.030 111 4 050  cm 000 0 25-30 cm 004 148
30-40 cm 0.030 1.11 4050  cm 0.039 1.443 3 040  cm 0.07 25 9
40-50 cm 0.039 1.443 40-50 cm 0.00 0
FORESTED CULTIVATED
srrE3 SITE 4
Depth pCi/| -B tfl Depth pCV| mBtyi Depth p « /| mBtyi Depth pO /t ■fctfl Depth pcut
0-15 cm 0.107 3.959 0-5 cm 0.15 555 0 1 0  cm 0.16 5.92 0 -1 5  cm 0.057 2.109 0-15 cm 0057 2.109
15-30 cm 0.024 0.900 5-10cm 0.08 2.96 1020 cm 0.03 1.11 15-30 cm 0.048 1.776 15-20 cm 0.04 1.48
3 040  cm 0(104 0148 10.15 cm 012 444 20.30 cm 0.024 0888 3 040  cm 0069 2553 20-25 cm 007 299
40-50 cm 0.030 1.110 15.30 cm 0.024 0.888 3 040  cm 0 0 4 0 5 0  cm 0.014 0518 25-30 cm 003 1.11
3 04 0  cm 0 0 4050 cm 0.03 1.11 304 0  cm 0.07 2.59
40-50 cm 0.03 1.11 40-50 cm 0 0
FORESTED CULTIVATED
SITES SITES
Depth pCi/| ■Bqfe Depth pcv* mRtyi Depth pCife Depth pO/8 ■Bttt Depth pcife ■Bt)«
0-15 cm 0.083 3.071 0-5 cm 0.118 4366 0-10 cm 0.1 3.7 0 -1 5  cm 0.092 3.404 0-15 cm 0092 3.404
15-30 cm 0.033 1.221 5-10 cm 0.082 3.034 1020 cm 0 0 5 1.85 15-30 cm 0.054 1.998 15-20 cm 0096 3.552
.3040 cm 0027 0.999 10-15 cm 0.049 1 813 2030 cm 0.01 0.37 3 040  cm 0(104 0.148 20-25 cm 0047 1 T39
40-50 cm 0002 0.074 15-30 cm 0033 1.221 3040  cm 002 074 405 0  cm 0041 1517 25-30 cm 0061 2257
2.000 3040cm 0.027 0.999 4050  cm 0.004 0.148 3040  cm 0.004 0.148
0.000 40-50 cm 0.002 0.074 40-50 cm 0.041 1.517
FORESTED CULTIVATED
SITE 7 SITES
Depth Pcut mBq/1 pCi/(  a fty i Depth p d /« m B q/| Depth pCY« ■Rtft
0-15 cm 0.096 3.552 0-5 cm 0.193 7.141 O lO cm 0.140 5.18 0 -1 5  cm 0.027 0999
15-30 cm 0.036 1321 5-10 cm 0.057 1109 1020 cm 0.087 3.219 15-30 cm 0.028 1.036
3040cm  0.026 0.962 10-15 cm 0.037 1369 2030 cm 8092 3.404 3040  cm 0.037 1369
40-50 cm 0.041 1.517 15-20 cm 0.031 1.147 3040cm 0.026 0.962 4 0 5 0  cm 0.006 0222
20-25 cm 0.041 1317 4050  cm 0.041 1.517
25-30 cm 0.035 1.295
30-40 cm 0.026 0.962
40-50 cm 0.041 1.517
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CULTIVATED
SITE 9 
Depth PCI/* Depth P d /f
0 -1 5  cm 0.0135 16095 0-15 cm 0.0435 16095
15-30 cm 0068 2516 15-20 cm 0059 2 183
30-40 cm 0021 0777 2025  cm 0081 2.997
40-50 cm 0.0! 03 7 25-30 cm 0.064 2-368
5060 cm 0 0 3 040  cm 0.021 0.777
60-70 cm 0.022 0.814 4050  cm 0.01 0.37
70-80 cm 0.013 1.591 5060  cm 0 0
80-00 cm 0.039 1.443 6 070  cm 0.022 0814
7080  cm 
8 090  cm
0.043
0.039
1.591
1.443
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APPENDIX M.l 
SOIL LOSS ESTIMATES FOR WOODED SITES 
DERIVED FROM 137-CESIUM LOSSES USING 
THE MODIFIED PROPORTIONAL METHOD*
M ean
D epth T hick SC N E R a te
Level In te rv a l SC* SCX/E (m) BD (t/«qm) 1 3 7 0 1 NE (t/eqm ) N E (t/h a) (t/ha /y r)
1 0-5 cm 361 0.2 0.05 1.2 0.06 0.145 0.013 126.4 4.0
2 S-IO cm 210 0.1 0.05 13 0.06
3 10-15 cm 342 0.2 0.05 1.4 0.07
4 15-30 cm 238 0.2 0.15 1.3 0.19
5 30-40 cm 0 0.0 0.10 1.33 0.13
6 40-50 cm 166 0.1 0.10 1.39 0.14
1 0-10 cm 734 0.6 0.10 1.2 0.12 0.216 0.027 267.0 8.3
2 10-20 cm 177 0.1 0.10 132 0.13
3 20-30 cm 131 0.1 0.10 1.36 0.14
4 30-40 cm 0 0.0 0.10 133 0.13
5 40-50 cm 166 0.1 0.10 139 0.14
1 0-5 cm 280 0 3 0.05 1.23 0.06 0 3 3 9 0.036 356 3  11.1
2 5-10 cm 196 0.2 0.05 1.24 0.06
3 10-15 cm 122 0.1 0.05 1.26 0.06
4 15-30 cm 274 0.3 0.15 138 0.21
5 30-40 cm 146 0.1 0.10 1.28 0.13
6 40-50 cm 0 0.0 0.10 1.27 0.13
1 0-10 cm 480 0.5 0.10 1.24 0.12 0.400 0.050 504.7 15.8
2 10-20 cm 246 0 3 0.10 132 0.13
3 20-30 cm 0 0.0 0.10 13 0.13
4 30-40 cm 198 0.2 0.10 1.28 0.13
5 40-50 cm 0 0.0 0.10 1.27 0.13
6.1
13.6
D epth SC
Site Level In terval SC* SC */E T hick BD (t/aqm ) 1 3 7 0 1
7 1 0-5  cm 516 0.4 0.05 1.23 0.06 0.100
2 5-10 cm 143 0.1 0.05 1.23 0.06
3 1 0-lS cm 97 0.1 0.05 1.26 0.06
4 15-20 cm 81 0.1 0.05 1.25 0.06
5 20-25 cm 106 0.1 0.05 1.24 0.06
6 25-30 cm 89 0.1 0.05 1.24 0.06
7 30-40 cm 137 0.1 0.1 131 0.13
8 40-50 cm 217 0.2 0.1 1.25 0.13
M ean 
N E R a te  Soil Low
0.009 87.1 2.7
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Mean
D epth SC N E R a te Soil L o u
X V *  1 In te rv a l SC x S C x /£  T hick BD (t/eqm ) 1 3 7 0 1 N E (t/eqm) N E (t/h a )  (t/ha /yr) (t/ha /y r)
1 O-IOctn 711 0.4 0.1 1.25 0.13 -0.2R6 -0.036 -355.7 -111 -5.6
2 10-20 cm 456 0.2 0.1 1.23 0.12 (net gain)
3 20-30 a n 459 0.2 0.1 1.23 0.12
4 30-40 cm 137 0.1 0.1 1-31 0.13
5 40-50 cm 217 0.1 0.1 1.25 0.13
*Garcia-01iva et al. (1995).
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APPENDIX M.2 
SOIL LOSS ESTIMATES DERIVED FROM 
137-CESIUM LOSSES, BASED ON 
MODIFIED GRAVIMETRIC METHOD*
a. Compared against mean ridgetop values (forested+cultivated).
Slope
Position
M ean C«137 Net C a -U 7  Loss 
L and llse  S ite Activity (Bq/«qm ) Since 1984 (Bq/sqm )
Net Soil Loss 
Since 1984
Net A nnual 
Soil Loss
Ridgetop Forest 1 1490 REFERENCE REFERENCE REFERENCE
Milpa 2 1700 REFERENCE REFERENCE REFERENCE
Means 1898
Shoulder
Slope Forest 3 1266 329 1731.5 40
Milpa 4 1270 325 1836.2 44
Sideslope Forest S 1005 590 3831.2 91
Milpa 6 1140 455 3421.1 81
Footslope Forwt 7 1555 40 204.1 5
Milpa 8 670 925 10113.6 235
Toe si ope Milpa 9 980 615 4603.7 107
b. Compared forested versus forested, and cultivated versus cultivated.
Slope
P o ritk n
Net A nnual
M ean C s l3 7  N et C s -137 Loss N et Soil Loas Soil L o n  
L and Use S h e  A ctivity (B q/sqm ) Since 1984 (Bq/sqm ) S ince 1984 (t/ha) (t/ha /y r)
Ridgetop Forest 1 1490 REFERENCE REFERENCE REFERENCE
Milpa 2 1700 REFERENCE REFERENCE REFERENCE
Shoulder
Slope Forest 3 1266 224 1179 27
Milpa 4 1270 430 2429.4 58
Sideslope Forest 5 1005 485 3149.4 75
Milpa 6 1140 560 4210.5 100
Footslope Forest 7 1555 -65 -331.63 8 (gain)
Milpa 8 670 1030 11704.5 272
Toe si ope Milpa 9 980 720 5714.3 133
* Low ranee et al. (1990).
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APPENDIX M.3 
ESTIMATED SOIL LOSS FOR CULTIVATED SITES 
USING THE SIMPLIFIED MASS BALANCE EQUATION*
Appendix L.3: Estimated soil loss for cultivated sites, using Zhang et al.'s (1990) 
Simplified Mass Balance Equation.
Balk Soil Loss
Site X Yr AH/H AH H N N-1963 Density (t/hi/y
4 1427 1490 0.0002 0.006 30 1997.00 34 1.19 0.7
6 1328 1490 0.0023 0.0699 30 1997.00 34 1.22 8.5
8 680 1490 0.0206 0.6174 30 1997.00 34 1.16 71.6
9 1210 1490 0.0051 0.153 30 1997.00 34 1.20 18.4
MEAN
4 1253 1560 0.0060 0.1809 30 1997.00 34 1.19 21.5
6 1138 1560 0.0092 0.2754 30 1997.00 34 1.22 33.6
8 642 1560 0.0246 0.7365 30 1997.00 34 1.16 85.4
9 1032 1560 0.0138 0.414 30 1997.00 34 1.20 49.7
HIGH
4 1115 1730 0.0130 0.3891 30 1997.00 34 1.19 4 6 3
6 938 1730 0.0178 0.5334 30 1997.00 34 1.22 65.1
8 601 1730 0.0326 0.9771 30 1997.00 34 1.16 1133
9 790 1730 0.0243 0.7281 30 1997.00 34 1.20 87.4
’"Zhang et al. (1990).
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